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SUMMARY

Certain design allowable properties were determined in accordance with

MIL-HDBK-5 guidelines for three materials: 17-4PH and 15-5PH bar and Alloy 188

sheet. Bearing yield and ultimate strength allowables for e/D = 1.5 and e/D =

2.0 were determined for 17-4PH bar in the H1025 and H1150 conditions. Longitudinal

tensile yield and tensile ultimate, longitudinal and long transverse compressive

yield, shear ultimate and compressive modulus of elasticity design allowable

properties as well as curves depicting the effect of temperature on these proper-

ties were developed for Alloy 188 sheet. Room temperature tensile stress-strain

as well as room and elevated temperature compressive stress-strain and tangent

modulus curves were also constructed for Alloy 188 sheet. Bearing yield and

ultimate strength allowables for e/D = 1.5 and e/D = 2.0 were determined for 15-

5PH in H1150 condition. Bearing yield and ultimate strength allowables for 15-

5PH in H1025 condition were revised. Curves depicting the effect of temperature

on compressive yield strength for 15-5PH in H1025 and H1150 conditions as well as

curves showing the effect of temperature on tensile and compressive moduli of

elasticity were established. Room and elevated temperature compressive stress-

strain and tangent modulus curves for 15-5PH in H1025 and H1150 conditions were

constructed.

Fatigue crack propagation data were obtained for 7075-T7351, 7475-T7351,

and 2124-T851 plate in 95 percent or higher humidity environment at R = 0.50,

0.25, and 0.10. Fatigue crack growth rate data were generated in the low stress

intensity range to complement the relatively high stress intensity data currently

in the Damage Tolerant Design Handbook and make the data more acceptable for

ultimate inclusion in MIL-HDBK-5. The data generated covered the range of da/dN =

10 - 9 to 10
-4 inches/cycle with emphasis on 10-9 to 10-6 inches/cycle. Threshold

cyclic stress intensity levels, AKth, were determined for each alloy and R ratio

in 95 percent or higher humidity environment. An average fit of the lower bound

of AKth versus R was determined.

xiv



INTRODUCTI ON

The Military Standardization Handbook, MIL-HDBK-5. is recognized as the

primary source for design allowable data by the Department of Defense (DoD) and

other Government agencies responsible for aerospace vehicle design. The Handbook

contains design allowable data on metallic materials, fasteners, joints, and other

structural elements. 1he maintenance of this document is achieved through the

cooperative efforts of the Air Force, Navy, Army, Federal Aviation Agency (FAA).

and industrial users and suppliers of metallic aerospace materials. The Dol) has

designated the Air Force as the activity responsible for preparing this Handbook.

As such, the Air Force Materials Laboratory (AFML) has contracted with Pattelle's

Columbus Laboratories (BCL) to provide the planning, coordination, implementation,

and testing necessary to develop and maintain current design allowable data and

other related information in MIL-HDBK-5.

Recent final reports described in detail the functional and technical

activities performed by BCL in connection with the MTL-11DBK-5 program. Since the

functional as well as some of the technical activities are somewhat repetitive

from year to year, this final report describes an experimental test program to

develop certain missing MIL-HDBK-5 design allowable properties for several materials.

Most of the design allowable properties in MIL-HDBK-5 are determined

from existing data. However, frequently data are lacking or inadequate to establish

needed design properties. Data may be lacking for important design properties even

though an alloy may have been used in the aerospace industry for many years. In

addition, new heat treatments and new product forms may be developed for an exist-

ing alloy, thereby creating a need for applicable design properties. Also, MTL-

HDBK-5 guidelines are continuously revised to provide for the inclusion of new



types of data, such as fracture toughness and fatigue-crack-propagation data.

For these reasons testing is often necessary to supplement data available from

the literature.

Consequently, the Army Material and Mechanics Research Center provided

funding via Air Force Contract Number F33615-75-C-5063 for BCL to conduct an

experimental test program to (1) develop lacking MIL-HDBK-5 design data, and

(2) generate threshold fatigue-crack-propagation data for certain aerospace

materials. Based upon interest expressed by the MIL-HDBK-5 Coordination Group,

availability of existing mechanical property data, and the availability of test

material, three materials, 17-4PH bar, 15-5PH bar, and Alloy 188 sheet were

selected for testing to determine lacking design allowable properties. Three

aluminum alloys, 7075-T7351,,2124-T851, and 7475-T7351, in plate form, were

chosen for testing to obtain threshold fatigue-crack-propagation data.

OBJECTIVE

The objective of this program was to (1) develop certain missing MIL-

HDBK-5 design allowable properties for 17-4PH stainless steel bar, 15-5PH

stainless steel bar, and Alloy 188 sheet, and (2) obtain fatigue crack growth

rate data at low stress intensities for 7075-T7351, 7475-T7351, and 2124-T851

aluminum alloy plate at R = 0.500, 0.250, and 0.100.
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EXPERIMENTAL PROCEDURES

17-4PH Precipitation Hardening Stainless Steel Bar

Background-MIL-HDBK-5 currently contains bearing strength allowables

for 17-4PH only in the 1H900 condition. With the increased emphasis on the use

of materials in tempers and heat-treat conditions which exhibit improved fracture

toughness and resistance to stress-corrosion cracking, it is desirable to estab-

lish "derived" properties for the overaged conditions. In a previous MIL-HDBK-5(1)
test program , compressive yield strength and shear ultimate strength values

were determined for the H1025 and H1150 conditions. In order to complete the

room temperature mechanical property table for these two tempers, bearing yield

and ultimate strengths for e/D = 1.5 and e/D = 2.0 are needed. Although 17-4PH

is widely used, no bearing data could be found for these "overaged" conditions

in the literature. Consequently, testing was required to obtain these data.

Test Plan-As defined in Chapter 1, Section 1.4.1.3 of MIL-HDBK-5,

derived values are those room temperature mechanical property values that are

established through their relationship to directly calculated values for room

temperature Ftu and Fty. The guidelines for the presentation of data as des-

cribed in Chapter 9, Section 9.3.9.1, of MIL-HDBK-5 require at least ten pairs

of measurements, each representing a single lot of material. For economic

reasons it was decided to limit the number of heat treat conditions to be

tested to the H1025 and H1150 tempers, the same heat treat conditions for which

compressive yield strength and shear ultimate strength had previously been deter-

mined. These two tempers represent the minimum aging temperature for good stress

corrosion resistance and the maximum aging temperature for the alloy, respectively.
Table I shows the test plan to acquire the necessary data. All tests were sched-

uled in the longitudinal grain direction since suppliers do not guarantee trans-

verse mechanical properties for 17-4PH.

(1) Ruff, P. E, "Determination of Selected MIL-HDBK-5 Design Allowable Proper-
ties for Five Aerospace Materials", AFML-TR-75-58, Battelle's Columbus
Laboratories, May, 1975.
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TABLE 1. TEST PLAN FOR 17-4PH BAR, H1025 AND H1150 CONDITIONS

Room Temperature
Heat Grain Bearing

Identification Direction Tensile e/D = 1.5 e/D = 2.0

336009 L 3 3 3

626436 L 3 3 3

626692 L 3 3 3

636003 L 3 3 3

626881 L 3 3 3

616501 L 3 3 3

626650 L 3 3 3

626787 L 3 3 3

600086 L 3 3 3

620402 L 3 3 3

Total One Temper 30 30 30

Total Two Tempers 60 60 60
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Materials-The same ten heats of air melted bar that were evaluated

in the previous project, reference (1), were utilized in this test program.

The material had been supplied by Armco Steel Corporation at no cost. The bars,

varying from 1 to 4-1/2 inches in thickness, were selected to encompass a wide

thickness range. Chemical composition of the material as reported by Armco is

shown in Table 2. All compositions conformed to the requirements of AMS 5643.

Heat Treatment-Appropriate lengths from each bar were solution

treated at 1900 + 25 F for 1/2 hour per inch of section thickness and air

cooled to room temperature. The bars were precipitation heat treated at 1025 F

or 1150 F for 4 hours and air cooled. All heat treatment was performed in air

furnaces. In the previous investigation, a considerable amount of cold work

(apparently from straightening) was detected in some of the bars which resulted in

abnormally high tensile strengths after age hardening. Consequently, for this

test program all bars were solution treated prior to precipitation hardening to

remove cold work.

Specimen Preparatiorr-After heat treatment, specimens were machined

from the bars at the locations shown in Figures 1 through 10. The configurations

of the various test specimens are shown in Figures A-1 through A-3, Appendix A.

Testing-Room temperature tensile and bearing tests were performed in

accordance with the procedures described in Appendix B. The results of these

tests are shown in Tables 3 and 4. All heats conformed to the producers'

guaranteed minimum tensile properties for the H1025 and H1i150 conditions.

Analysis-Derived values refer to those room temperature mechanical

property values that are established through their relationships to directly

calculated values for room temperature Ftu and F ty. The procedure is applica-tuetoFtbr

ble to Fcy F F bru and F and involves the pairing of individual SUS and

BUS measurements with TUS measurements for which F has been established.
tu
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3 tensile specimens:
A 2H5LI through 2H5L3

6 bearing specimens:
2H5L1 through 2H5L6.
Bearing specimens maximum width
possible

FIGURE 1. LOCATION OF TEST SPECIMENS FOR 17-4PH BAR -- CODE 11

3 tensile specimens:-4<2K5L1 through 2K5L3

16 -

lI _-______6 bearing specimens:
I 2K5L1 through 2K5L6.
IBearing specimens maximum width

possible.

FIGURE 2. LOCATION OF TEST SPECIMENS FOR 17-4PH BAR -- CODE K



3 tensile specimens:
215LI through 2151-3

4

6Gbearing specimens:
___________( 2151-1 through 2151-6

FIGURE 3. LOCATION OF TEST SPECIMENS
FOR 17-4PH1 BAR -- CODE I

24 +

6 bearing specimens:
2J51-1 through 2J5L6

FIGURE 4. LOCATION OF TEST SPECIMENS
FOR 17-4PH BAR -- CODE J

8



3 tensile specimens:
2L5Ll through 21_51_3

3 6 bearing specimens:
4 2L5Ll through 2L5L6

L 3.No
FIGURE 5. LOCATION OF TEST SPECIMENS FOR

-17-4PH BAR -- CODE L

6 bearing specimens:

2M5Ll through 2M5L6.
Bearing specimens maximum 3 tensile specimens
width possible. 2MSLI through 2M5L3

FIGURE 6. LOCATION OF TEST SPECIMENS FOR
17-4PH BAR -- CODE M

9



f 2N5LI 2N5L2 2NL
s e e "6 bearing specimens:

2N5LI through 2N5L6
2

yi

4

FIGURE 7. LOCATION OF TEST SPECIMENS FOR
17-4PH BAR -- CODE N

20L 205L
16

6 bearing specimens: - I16
205LI through 205L6

FIGURE 8. LOCATION OF TEST SPECIMENS FOR
17-4PH BAR -- CODE 0
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3 tensile specimens:
2P5Ll through 2P5L3

6 bearing specimens:
/ 2P5L1 through 2P5L6

4

FIGURE 9. LOCATION OF TEST SPECIMENS
FOR 17-4PHL BAR -- CODE P

/-------------------
/8

2Q 1_
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Likewise, individual CYS and BYS measurements are paired with TYS measurements

for which F has been established.ty
Room temperature bearing yield and ultimate strength reduced ratios

were determined using the computational procedure described in Chapter 9, Section

9.2.9.2 of MIL-HDBK-5. The lot average test values for bearing yield strength

were paired with the corresponding lot average test values for tensile yield

strength. Similarly, the bearing ultimate strength values were paired to the

corresponding tensile ultimate strength values. Using the following equation:

- t 0.95s
R = r-

where R = reduced ratio

r = average of n ratios

s = standard deviation of the ratios

t0.95 = the 0.95 fractile of the t distribution corresponding to

n-l degrees of freedom

n = number of ratios.

A computer program was used to compute the reduced ratios. The results of these

computations are shown in Tables 5 through 8.

These reduced ratios were utilized to establish design allowable values

for the "bearing" properties as follows:

F bru (L) = R x Ftu (L), A or S basis

Fbru (L) (e/D = 1 .5)H1025 = 1.697 x 155 = 263

Fbr u (L) (e/D = 2.0)H1025 = 2.146 x 155 = 332

Fbry (L) = R x Fty (L), A or S basis

Fbry (L) (e/D = 1 .5)H1025 = 1.458 x 145 = 211
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Fbry (L) (e/D = 2.0) H1025 = 1.729 x 145 = 250

Fbr u (L) (e/D = 1.5)H1150 = 1.704 x 125 = 213

Fbr u (L) (e/D = 2.0)H1150 
= 2.159 x 125 = 270

Fbry (L) (e/D = 1.5) H1150 = 1.526 x 100 = 152

Fbry (L) (e/D = 2 .0)H1150 = 1.812 x 100 = 181.

The Ftu and Fty A or S values were obtained from existing MIL-HDBK-5

Table 2.5.8.0(f). The B allowables were computed for the H1150 condition in a

similar manner using the Ftu and Fty B values of 134 and 115 ksi, respectively

from MIL-HDBK-5 Table 2.5.8.0(f). MIL-HDBK-5 Table 2.5.8.0(f) was revised to

incorporate the above new design allowables as shown in Table 9.

Discussiorr--A comparison of the bearing ratios for the 111025 and 111150

conditions as determined in this investigation and the 11900 condition as computed

from MIL-IIDBK-5 Table 2.5.8.0(f) is shown below:

H900 H1025 111150

Fbru

(e/D = 1.5) 1.647 1.697 1.704

(e/D = 2.0) 2.00 2.146 2.159

Fbry

(e/D = 1.5) 1.50 1.458 1.526

(e/D = 2.0) 1.647 1.729 1.812.

The ratios for the three heat-treat conditions compare reasonably well, especially

the Fbru ratios. There appears to be a trend for slightly higher ratios with in-

creasing aging temperature.

uar-Room temperature Fbru and Fbry values for the H1025 and 111150

conditions have been established. MIL-IIDBK-5 Table 2.5.9.0(f) has been revised as

shown in Table 9 to include these data. (Values in the large print represent the

new data.)
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Alloy 188 Sheet

Background-Alloy 188 is a corrosion and heat-resistant cobalt base

alloy exhibiting high strength up to 1800 F and oxidation resistance up to 2100 F.

The alloy is covered by AMS 5608 for sheet and plate and AMS 5772 for bars and

forgings. Mechanical property data for this alloy in sheet form have been col-

lected by BCL under the MIL-HDBK-5 program and a summary (2 ) of the data available

was presented at the 44th MIL-HDBK-5 Meeting. However, there were insufficient

data to meet the guidelines for the incorporation of a new material in MIL-HDBK-5.

Due to a recent upsurge in interest in this alloy by the aircraft engine manufac-

turers, it was desirable to determine design allowables and incorporate this alloy

into MIL-HDBK-5. Consequently, testing was required to obtain sufficient data.

Test Plarr--As defined in Chapter 1, Section 1.4.1.3 of MIL-HDBK-5,

derived values are those room temperature mechanical property values that are

established through their relationship to directly calculated values for room

temperature Ftu and Fty. The guidelines for the presentation of data are de-

scribed in Chapter 9, Section 9.2.9.1 of MIL-HDBK-5 and require at least ten

pairs of measurements, each representing a single lot of material. To establish

the shape of elevated temperature curves for the various properties, Section

9.3.1.1.1 of MIL-HDBK-5 requires a sample consisting of at least five lots of

material at each of several temperatures.

Table 10 shows the test plan to acquire the necessary data. Room tem-

perature compression and shear data for one heat were available in Reference 3.

Consequently, tests were needed for nine additional heats. According to the guide-

lines, bearing data for at least three heats are required for the incorporation of

a new material into MIL-HDBK-5. Therefore, bearing tests were scheduled for three

heats with edge distance, e/D = 2.0. Specification AMS 5608 specifies testing in

the long transverse grain direction for material greater than 9 inches in width.

Consequently, compression, shear, and bearing tests were planned for the long

transverse direction. Tensile tests were also scheduled for the longitudinal grain

direction in order to determine longitudinal design allowables for Ftu and F__________________ty

(2) Item 71-22, "Haynes Alloy No. 188", Status Report (Handout) presented at the
44th MIL-HDBK-5 Meeting, October 1972.

(3) Deel, 0. L., and Mindlin, H., "Engineering Data on New Aerospace Structural
Materials", AFML-TR-249, Battelle's Columbus Laboratories, December 1971.
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A room temperature precision compressive modulus value was not available for

Alloy 188, consequently, room temperature precision modulus determinations

were scheduled for two compression specimens prior to testing to determine

compression yield strength.

Sufficient elevated temperature tensile data up to 2000 F were avail-

able in References 3 through 5 to establish elevated temperature tensile

strength curves in accordance with guidelines. Elevated temperature compres-

sive yield data up to 1400 F for two lots (longitudinal and long transverse

grain directions for one heat) were available in Reference 3. Therefore, three

lots of elevated temperature compressive yield strength tests were scheduled

so as to conform to guidelines. Test temperatures were selected to be the same

as those used in Reference 3,

Material - Stellite Division, Cabot Corporation, supplied ten heats of

solution treated (annealed) sheet at no cost. Nine heats, varying in thickness

from 0.034 to 0.817 inch so as to encompass the sheet thickness range, were used

in the test program. Chemical composition of the material as reported by Stel-

lite is shown in Table 11. All compositions conformed to the requirements of

AMS 5608.

Specimen Preparation - Specimens were excised from the "as received"

solution treated sheet at the locations shown in Figures 11 through 13. The

configurations of the various test specimens are shown in Figures A-5 through A-8

in Appendix A. Due to the size of available material, tensile specimens with

1-inch gage length were used.

Testing - All specimens were tested in the "as received" solution trea-

ted condition. Room temperature, tensile, compression, shear, and bearing as

well as elevated temperature compression tests were coTnducted in accordance

with the procedures described in Appendix B. The results of these tests are

(4) Unpublished data from J. W. Tackett, Stellite to R. J. Favor, Battell ,
dated March 23, 1972. (MIL-HIDBIK-5 Source M-101).

(5) Rutkosky, F. A., "Evaluation of Candidate Heat Shield Materials for Shuttle
Vehicle", Report LR 7765-4024, Rockwell International Space I)ivision,
September 1970. (MIL-HDBK-5 Source M-149).
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shown in Table 12. All heats conformed to the minimum tensile properties

specified in AMS 5608. Room temperature compression precision modulus tests

were conducted on long transverse compression specimens (Figure A-6, Appendix A )

from two different heats as described in Appendix B. The results of these

tests as shown in Table 13.

Analysis - As previously indicated, derived values refer to those room

temperature mechanical property values that are established through their re-

lationships to directly calculated value for room temperature Ftu and F ty. The

procedure is applicable to Fcy, Fsul Fbru' and Fbry and involves the pairing of

heat average SUS and BUS measurements with TUS measurements for which Ftu has

been established. Likewise, heat average CYS and BYS measurements were paired

with TYS measurements for which F has been established. Tensile propertiesty

in grain directions not covered by specification are also derived in a similar

manner.

Using the above relationships reduced ratios for the various "unknown"

properties were determined using the computational procedure described in

Chapter 9, Section 9.2.9.2 of MIL-HDBK-5. The heat average test values for

long transverse compression yield and bearing yield strength were paired with

the corresponding heat average test value for long transverse tensile yield

strength. Similarly, the long transverse shear and bearing ultimate values

were paired to the corresponding long transverse tensile ultimate values.

Longitudinal tensile yield and ultimate strength values were paired to cor-

responding long transverse tensile properties. Using the following equation:

- t0.95s
R =r

where R = reduced ratio

= average of n ratios

s = standard deviation of the ratios

t .95 = the 0.95 fractile of the t distribution corresponding to

n-I degrees of freedom

n = number of ratios.

28



U% 4f (C - *

.C =1 .0-

a
- M ~ OONf1-0

".C. wQ om 044O

0 o4.-- -l i

A4 C; C; C CRO f C w W'

o0 cow

79 .0 ao~

Nfl ~ C U C C 1N0'00'0 'f29'



o

"" U

CY a, - - 1 4

WM cg 2g

v O

J 0 0N 0N9
1  91

- e-n en,.4 ,N e-n -n =N ,,N o ,4 ,-.

41 r

* ~ ~ ~ C C;O c;:.: .*0.N

F, N r- • o •4 •'U'

300

U..4 0.A.A44o0

id.~ 0 0 0e '~e'''

C '~~~0'''''' 0

C>ON44 UUN

0~0 4
r-1-----

- I .-- ~~1 - -0



0 , I . . i e 
°

. .

0: I

- .4 f0l O on
00- e4ne,, n f l - f l e

DO .,'

.400I '0

.4 .

0:4.0 .e.te C 'ln re ., .- tN..) 0

oo:. 0 0 0 o0 4 0 lf.fflllf fbtOt

~31



TABLE 13. PRECISION COMPRESSIVE MODULUS TEST RESULTS
FOR ALLOY 188 SHEET

Code/Heat Thickness, Grain Specimen Stress Chord Moduli, psi x JF

N,-mber in. Direction Ident. Interval,psi Run 1 Run 2 Run 3 Average

1 0.125 LT IT-1 0-10 35.9 33.3 34.4 34.5

1880-2-1619 10-17.9 35.9 33.2 33.2 34.1

Average 34.3

IT-2 0-10 33.3 34.4 33.3 33.7

10-17.9 31.7 31.7 32.7 32.0

Average 32.9

IT-3 0-10 33.3 34.4 34.4 34.0

10-17.9 33.0 34.4 33.0 33.5

Average 33.8

Heat Average 33.6

C 0.187 LT CT-i 0-10 35.7 33.3 34.4 34.5

1880-0-0164 10-19.5 32.8 32.6 32.8 32.7

Average 33.6

CT-2 0-10 33.3 33.3 33.3 33.3

10-19.5 34.4 34.5 33.3 34.1

Average 33.7

CT-3 0-10 33.3 33.3 33.3 33.3

10-20 34.5 32.2 31.2 32.6

Average 32.9

Heat Average 33.4

Grand Average 33.5
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A computer program was used to compute the reduced ratios. The results of these

computations are shown in Tables 14 and 15.

These reduced ratios were utilized to establish design allowable values

for "unknown" properties as follows:

F ty(L) = R x F ty(LT), S basis

F y(L) = 1.037 x 55 = 57

F tu(L) = R x F tu(LT), S basis

F tu(L) = 1.003 x 125 = 125

F su(LT) = R x F su(LT), S basis

F (LT) = 0.889 x 125 = i1su

F (LT) = R x F t(LT), S basiscy ty

F cy(LT) = 1.005 x 55 = 55.

The F u(LT) and F ty(LT) were AMS 5608 specification minimum values. Since re-

duced ratios for bearing were based on only three heats, bearing design allow-

ables were not proposed. MIL-HDBK-5 Table 6.4.2.0(b) was prepared with the

above design allowables as shown in Table 22.

A room temperature tensile modulus of elasticity value of 33.6 x 103
ksi (determined dynamically) was reported in Reference 6. However, a precision

Ec value was not available; consequently, tests were conducted to determine this
value. The results of these measurements, shown in Table 13, indicated a static

compressive modulus of elasticity of 33.5 x 103 ksi compared to a dynamic tensile
modulus of elasticity of 33.6 x 103 ksi as reported in Reference 6. Due to the

similarity in values, it was decided to equate the compressive modulus value to

the tensile modulus value for the design allowable table.

(6) Stellite Division echnical Bulletin F-30.361B, "Haynes Alloy No. 188".
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The effect of elevated temperature on the tensile yield and ultimate

strengths, and compressive yield strength was determined in accordance with the

guidelines in Section 9.3.1 of MIL-HDBK-5 using the equation:

- t0. 9 5 s
R = r in

where R = reduced ratio

r = mean value of the ratio of the elevated temperature

property value to the room temperature property value

s = standard deviation of the ratios

t0 = the 0.95 fractile of the t distribution corresponding

to the n-l degrees of freedom

n number of ratios in the sample.

A computer program was used to compute the reduced ratios. The results of these

computations are shown in Tables 16 through 18. Only four paired elevated tem-

perature ratios were available for compression yield strength because the longi-

tudinal paired ratios for one heat from Reference 3 displayed significantly higher

average ratios than the long transverse ratios and these were not included. The

average elevated temperature compressive yield strength ratios for the four heats

are consistent and appear representative; consequently, the reduced ratios based

on four heats were used to prepare an elevated temperature curve. Working curves,

Figures 14 through 16, were drawn through 100 percent at room temperature and

not higher than the computed reduced ratios (R) shown in Tables 16 through 18

for each temperature. Specification AMS 5608 specifies minimum tensile prop-

erties at 1200 F. For tensile ultimate strength the specification elevated tem-

perature value converted to percentage of room temperature value produced a per-

centage of 62 percent which was the same as the reduced ratio for 1200 F. For

tensile yield strength the specification percentage was 65 percent compared to

62 percent for reduced ratio. Since the reduced ratio was lower than the speci-

fication ratio, the working curve was drawn through the reduced ratio at 1200 F.

Finished curves were prepared in MIL-HDBK-5 format as shown in Figures 23

through 25.

Elevated temperature elongation data were available from References

3 and 4. A working curve showing the effect of temperature on long transverse
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elongation is presented in Figure 17. This curve prepared in MIL-HDBK-5

format is shown in Figure 28.

Elevated and cryogenic dynamic modulus of elasticity data were avail-

able in Reference 6. A working curve showing the effect of temperature on the

dynamic modulus of elasticity is shown in Figure 18. For comparison static com-

pressive modulus data from Table 12 as well as static tension and compression

modulus data from Reference 3 are plotted in the same graph. Since the dynamic

modulus data covered a wider temperature range than the static data, the dynamic

modulus curve was prepared in MIL-HDBK-5 format as shown in Figure 26. A MIL-

HDBK-5 standard note concerning the difference in dynamic and static moduli of

elasticity at elevated temperatures has been incorporated in the graph.

Room and elevated temperature data for Poisson's ratio were avail-

able in Reference 7. A working curve showing the effect of temperature on

Poisson's ratio is shown in Figure 19. The finished curve in MIL-HDBK-5 format

is presented in Figure 27. The modulus of rigidity, G, was calculated from the

tensile modulus of elasticity and Poisson's ratio and is shown in Table 22.

In order to determine typical room temperature tensile and compressive

stress-strain curves, the load-strain curves obtained from tensile and compres-

sion tests were used to determine the Ramberg-Osgood shape parameter, n, using

the graphical procedure described in Chapter 9, Section 9.3.2.4 of MIL-HDBK-5.

The Raiberg-Osgood parameter, n, for each tensile and compression test is shown

in Table 11. Using the Ramberg-Osgood equation,

etotal e etotal + eplastic

f + n
total E

where etotal = total strain

f = stress

k = constant

E = modulus of elasticity

n = Ramberg-Osgood parameter,

(7) Unpublished data from J. Tackett, Stellite Division (MIL-HDBK-5
Source M-357).
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since e plastic kfn

e plastic 0.002

fn TYS

substituting e f + 0.002fn

total E nTYSn

A computer program was utilized to plot typical stress-strain curves using typical
values for E or Ec, n, and TYS or CYS. According to Section 9.3.2.2 of MIL-HDBK-5,

three lots of stress-strain curves are required to establish typical curves.

For room temperature tensile stress-strain curves, the Ramberg-Osgood

parameters were determined from the tensile tests shown in Table 12 and from

those in Reference 3. The individual heat average values and overall average n

values are shown in Table 19. The typical yield strengths were determined from

the grand average of the yield strengths of the heats listed in Table 19. The

room temperature tensile modulus of elasticity as published in Reference 6 is
33.6 x 103 psi. A summary of the parameters used to construct room temperature

tensile stress-strain curves as listed below:

Grain
Direction E TYS n

L 33.6 74 19
LT 33.6 69 8.4

Typical room temperature tensile stress-strain curves are shown in Figure 29.

Elevated temperature tensile stress-strain curves were available for only one
heat, Reference 3, which was insufficient quantity to meet guidelines for inclus-

ion.

For compressive stress-strain and compressive tangent-modulus curves,
the Ramberg-Osgood parameters were determined from compression tests shown in

Table 12 and as from those in Reference 3. The heat average values and overall
average n values are shown in Table 20. The typical room temperature compressive

yield strength was determined from the grand average of the yield strengths of

the heats listed in Table 20.
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TABLE 19. DETERMINATION OF RAMBERG-OSGOOD PARAMETERS FOR ROOM
TEMPERATURE TENSILE STRESS-STRAIN CURVES FOR ALLOY
188 SHEET

Thickness, n
Heat Number inches Ref L LT

1880-2-1611 0.034 - 26 6

1880-4-1681 0.089 - 17 6

1880-0-0164 0.187 - 18 13

1880-4-1674 0.060 - 21 12

1880-0-0162 0.089 - 20 5

1880-4-1693 0.125 - 30 7

1880-3-1662 0.040 13 13

1880-4-1690 0.120 17 -

1880-2-1619 0.125 - 0-

1880-0-0156 0.078 (3) 16 5

Average 19 8.4

TABLE 20. DETERMINATION OF RAMBERG-OSGOOD PARAMETERS FOR LONG
TRANSVERSE COMPRESSIVE STRESS-STRAIN CURvFR FOR

ALLOY 188 SHEET

Thickness, n
Heat Number Inches Ref RT 600 F 1000 F 1400 F

1880-2-1611 0.034 - 10 - - -

1880-4-1681 0.089 - 10 - -

1880-0-0164 0.187 - 16 - - -

1880-4-1674 0.060 - 21 22 22 29

1880-0-0162 0.040 - 10 11 11 15

1880-4-1693 0.125 - 12 12 15 12

1880-3-1662 0.040 - 19 - - -

1880-4-1690 0.120 - 9 - -

1880-2-1619 0.125 - 19 - - -

1880-0-0156 0.078 (3) 5 6 12 16

Average 13 13 15 18
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The elevated temperature typical compressive yield strengths were determined

by multiplying the room temperature typical yield strength by the percentage

indicated by the elevated temperature compressive yield strength curve,

Figure 25. The room temperature compressive modulus of elasticity as estab-

lished in this test program, Table 22, was 33.6 x 10' psi. The elevated tem-

perature compressive moduli were obtained by multiplying the room temperature

value by the percentage indicated by the elevated temperature dynamic modulus

curve, Figure 26. A summary of the parameters used to construct the compres-

sive stress-strain and compressive tangent modulus curves is shown in Table 21.

TABLE 21. PARAMETERS FOR CONSTRUCTION OF TYPICAL LONG TRANSVERSE
COMPRESSIVE STRESS-STRAIN AND TANGENT MODULUS CURVES
FOR ALLOY 188

Test Compressive Yield Ramberg-Osgood Compressive

Temperature Strength, Parameter Modulus3
F ksi n ksi x 10

RT 72 13 33.6

600 50 13 29.9

1000 46 15 27.2

1400 40 18 24.9

Compressive tangent-modulus curves were also constructed utilizing

the above parameters and the following equation:

1
Etan 1 fn- I

E + nKfE

where tangent modulus is the first derivative of stress with respect to strain,

df/de. Typical compressive stress-strain and compressive tangent modulus

curves at various temperatures are presented in Figure 30.

Physical property data for Alloy 188 were available in Reference 6.

This source indicates the density to be 0.330 lb/cu in. The effect of tempera-

ture on coefficient of expansion, thermal conductivity, and specific heat is

shown by working-curves in Figure 20 and the corresponding MIL-HDBK-5 illustration

in Figure 22.
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A MIL-HDBK Section 6.4.2.0 describing Alloy 188 has been prepared as
shown in Figure 21.

Discussion - The S-S reduced ratio of 88.9 for Alloy 188 appears high.
However, this ratio compares favorably with the TUS ratio of 84.6 for L-605, a
similar cobalt-base alloy. The latter ratio was computed from MIL-HDBK Table

6.5.1.0(b).

Summary - A complete new MIL-HDBK-5 Section 6.4.2 has been prepared to
incorporate design allowable properties for Alloy 188 into MIL-HDBK-5. The section
consists of a comments section, Figure 21, and room temperature design mechanical
properties as shown in Table 22. These allowables are based upon specification
minimum tensile strengths. In addition, effect of temperature on tensile yield
and ultimate strengths, compressive yield strength, elongation, dynamic moduli
of elasticity, Poisson's ratio, and physical properties are shown in Figures 22
through 28. Typical room temperature tensile stress-strain as well as room and
elevated temperature compressive stress-strain and compressive tangent-modulus

curves are presented in Figures 29 and 30.
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6.4.2.0 Comments and Properties - Alloy Room Temperature Properties
188 is a corrosion and heat resistant cobalt-
base alloy used for moderately stressed parts Room temperature mechanical and
up to 2100 F. The alloy exhibits outstanding physical properties are shown in Table
oxidation resistance up to 2100 F resulting 6.4.2.0(b). The effect of temperature
from the addition of minute amounts of lan- on physical properties is shown in
thanum to the alloy system. The alloy exhibits Figure 6.4.2.0.
excellent post-aged ductility after prolonged
heating of 1000 hours at temperatures up to 6.4.2.1 Solution Treated Condition -
1600 F inclusive. Elevated temperature properties for

Alloy 188 is not hardenable except by this condition are presented in Figures
cold working and is used in the solution 6 .4 .2 .1.1(a) through 6.4.2.1.4.

- treated condition. The alloy can be forged Typical tensile stress-strain
and welded. Welding can be accomplished by curves at room temperature are present,i
both manual and automatic welding methods in Figure 6.4 .2.1.6(a). Typical
including electron beam, gas tungsten air, compressive stress-strain and tangent
and resistance welding. Like other cobalt modulus curves at room and elevated
base alloys, machining is difficult neces- temperatures are presented in Figure
sitating the use of sharp tools and low cut- 6.4.2.1.6(b).
ting speeds; high speed steel or carbide
cutting tools are recommended.

Gas turbine applications include transi-
tion ducts, combustion cans, spray bars, flame-
holders and liners. Material specifications
for Alloy 188 are presented in Table 6.4.2.0
(a).

TABLE 6.4. 2 .0(a) Mater-- S,ecifizatlons
for Alloy !'C

Specification Form Condition

AMS 5608 Sheet and Solution treated
plate (annealed)

AMS 5772 Bars and Solution treated
forgings (annealed)

FIGURE 21. PROPOSED MIL-HDBK-5 SECTION 6.4.2 FOR ALLOY 188
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TABLE 22. PROPOSED MIL-HDBK-5 TABLE 6.4.2.0(b)

TABLE 6.4.2.0(b). Design Mechanical mnd Physical Propcrifes of Alloy 188

Specification ......................................... AMS 5608

F orm ............................................................... Sheet

C ondition ..................................................... Solution treated

Thickness or diameter, in...0.020 <0,0200.020 - 0.187

Basis .......... ............ S S

Mechanical properties:
Ftu, ksi:
L .......................... 125 125
LT .......................... 125 125

FLy,, ksi:
L ........................... 57 57
LT ......................... 55 55

Fcy, ksi:

L _............. ..

LT ......................... 55 55
F S 11, k s i .......... ............. .............. ........ I i

Fbru , ksi:

(e/D = 1. 5) ..............................
(e/D = 2. 0) ...................................... ---

FbI31 Iksi:
(e/D = 1. 5) ........................ - ---
(e/D = 2. 0) ....................... ---

e, percent:

L . o ...... .......... ............... ... ---

LT .... ............................... ......... 40 45

E , 103 ksi .............................................. 33.6
EC, 103 ksi 33.6

G) 10 3 ksi 12.8
i!... ....... ........................... 0.31

Physical properties:
, lb /in. 3 ................................................. 0 .330

C, B tu/(Ib)(F ) .................................... See Figure 6.4.2.0
K, Btu/[ (hIr)(ftZ)(F)/f"] ............. See Figure 6.4.2.0
OL, 0-6 in. /in. /F. ......................... See Figure 6.4.2.0
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FIGURE 6.4.2.1.1(a) Effect of temperature on ultimate tensile strength
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FIGURE 23. PROPOSED MIL-HDBK-5 FIGURE 6.4.2.1.1(a)
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FIGURE 24. PROPOSED MIL-HDBK-5 FIGURE 6.4.2.1.1(b)
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yield strength (F cy) of Alloy 188 sheet.

FIGURE 25. PROPOSED MIL-HDBK-5 FIGURE 6.4.2.1.2
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FIGURE 6.4.2.1.4(b). Effect of temperature on Poisson's
ratio (,-) for Alloy 188.

FIGURE 27. PROPOSED MIL-HDBK-5 FIGURE 6.4.2.1.4(b)
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FIGURE 6.4.2.1.5. Effect of temperature on elongation (e) of Alloy 188
sheet.

FIGURE 28. PROPOSED MIL-HDBK-5 FIGURE 6.4.2.1.5
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15-5PH Precipitation Hardening Stainless Steel Bar

Background - MIL-HDBK-5 currently contains "derived property" allow-

ables for 15-5PH in two heat treat conditions, H1025 and HI150, with bearing

strength allowables available only for the H1025 condition. In order to complete

the room temperature mechanical property allowables for the H1150 condition, it

is desirable to establish bearing yield and ultimate strength for e/D 7 1.5 and

e/D = 2.0. A literature search did not produce any bearing strength data for the

H1150 condition; consequently, testing was required to obtain these data.

Elevated temperature tensile yield and ultimate strength curves (8 ) for

the H925, H1025, and HI100 conditions were approved for incorporation at the 49th

MIL-HDBK-5 Meeting and will appear in Revision C. Similarly, it is desirable to

establish elevated temperature compressive yield strength curves for the various

tempers. Elevated temperature compressive yield strength data for one heat in

the longitudinal and long transverse grain directions for the H1025 condition are

available in Reference 9. Elevated temperature compressive yield strengths are

the H1150 condition for three heats in the longitudinal grain direction are avail-

able in Reference 1. Consequently, only a modest amount of testing was needed

to obtain the required quantity of elevated temperature compressive yield strength

data for the H1025 and H1150 heat treat conditions.

Test Plan - As defined in Chapter 1, Section 1.4.1.3 of MIL-HDBK-5,

derived values are those room temperature mechanical property values that are

established through their relationship to directly calculated values for room

temperature Ftu and F ty. The guidelines for the presentation of data are

described in Chapter 9, Section 9.2.9.1, of MIL-HDBK-5 and require at least ten

pairs of measurements, each representing a single lot of material. To establish

the shape of elevated temperature curves for the various properties, Section

9.3.1.1.1 of MIL-HDBK-5 requires a sample consisting of at least five lots of

material at each of several temperatures. The test plan for acquiring the

(8) Item 75-6, "Elevated Temperature Curves for 15-5PH Bar", 49th MIL-HDBK-5
Meeting Handout Proposal,April 1975.

(9) Deel, 0. L., and Mindlin, H., "Engineering Data on New Aerospace Structural
Materials", AFML-TR-72-196, Volume II, September 1972.
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tensile, compression, and bearing data for the HI150 condition is presented in
Table 23. The required compression tests for the H1025 c6ndition are shown in

Table 24.

Material - The same seven heats of consumable electrode vacuum melted
15-5PH bar that were evaluated in the previous project, Reference 1 , were
utilized for this test program. The material had been supplied by Armco Steel
Corporation at no cost. The bars, varying from 5/8 inch to 5-1/2 inches in
thickness, were selected to encompass a wide thickness range. Chemical composi-

tion of the six heats as reported by Armco is shown in Table 25. These composi-

tions conformed to the requirements of AMS 5659.

Heat Treatment - In order to remove any cold work from straightening,
appropriate lengths from each bar were solution treated at 1900 + 25 F for 1/2
hour per inch of section thickness and air cooled to room temperature. The bars
were precipitation heat treated at 1025 or 1150 F for 4 hours and air cooled.

All heat treatment was performed in air furnaces.

Specimen Preparation - After heat treatment, specimens were machined
from the bars at the locations shown in Figures 31 through 39. The configura-
tions of the various test specimens are shown in Figures A-1 through A-4,

Appendix A.

Testing - Room temperature tensile, compression, and bearing tests and
elevated temperature compression tests were performed in accordance with the
procedures described in Appendix B. The results of the tests are shown in

Tables 26 and 27. The tensile ultimate strengths of two heats, 3X0786 and
IW0516, were slightly below producers' guaranteed minimum value of 135 ksi for

H1150 condition.

Analysis - As previously indicated, derived values refer to those room
temperature mechanical property values that are established through their rela-
tionships to directly calculated values for room temperature F and F t Thetu ty"
procedure is applicable to Fbr u and Fbry and involves the pairing of individual

BUS measurements with TUS measurements for which F has been established.
tu

61



TABLE 23. TEST PLAN FOR 15-5PH BAR H1150 CONDITION

Room Temperature Temperature
Heat Grain Bearing RT, 400, 700, 900 F

Identification Direction Tensile e/D = 1.5 e/D = 2.0 Compression

3X0786 L 3 3 3

3X0786 T 3 3 3

1W0516 L 3 3 3 2

1W0516 T 3 3 3

1W0861 L 3 3 3

1W0861 T 3 3 3

4X0780 L 3 3 3 2

3W0523 L 3 3 3

3W0687 L 3 3 3

Total 27 27 27 16

TABLE 24. TEST PLAN FOR 15-5PH BAR H1025 CONDITION

Temperature
Grain Room Temperature RT, 400, 700, 900 F

Identification Direction Control Tensile Compression

1W0516 L 1 2

1W0861 L 1 2

4X0780 L 1 2

Total 3 24
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/
/\

Six bearing specimens: Six bearing specimens:
IA5LI through IA5L6 IA5TI through lA5T6

II
4/

Three tensile specimens (0.250" dia):
IA51-1 through IA51-3

Three tensile specimens (0.250" dia):/
IASTI through lA5T3

FIGURE 31. LOCATION OF TEST SPECIMENS FOR
15-5PH BAR, H1150-CODE A
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Six bearing specimens:
085TI through 185T6

Longitudinal

185TI through 1035T3

05LI1 through 185L

L - 5

FIGURE 32. LOCATION OF TEST SPECIMENS FOR
15-5PH BAR, H1150-CODE B
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Three tensile specimens (0.250 dia):-

IF51-3

IF 51-2-...

Longitudinal

91:

2"2

Six bearing specimens:
IF51-1 through IF51-6

FIGURE 35. LOCATION OF TEST SPECIMENS FOR 15-5PH, H1150-CODE F
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Three tensile specimens (0.250 dia):
IG5 L3 --

IG5L2

IG5 LI---__

Longitudinal /

2"2
Six bearing specimens:

IlG5Ll through IG5L6

FIGURE 36. LOCATION OF TEST SPECIMENS FOR 15-5PH, H1150-CODE 'G
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3

lB6Ll 1861-2 861-3 11361-4

is I C C C C

1161-8 6L7 B6L6 HB6L5
C C C Tensile specimen:

5111361-1 (0.250" dia)

FIGURE 37. LOCATION OF TEST SPECIMENS FOR 15-5PH, H1025-CODE B
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Tensile specimen:

/IE6LI 0.250" dia)

Longitudinal

6"

6 IE6-2 IE1-

FIGURE 39. LOCATION OF TEST SPECIENS FOR 15-5PH, 11025-CODE E
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Likewise, individual BYS measurements are paired with TYS measurement for which

Fty has been established.

Room temperature bearing yield and bearing ultimate strength reduced

ratios were determined using the computational procedure described in Chapter 9,

Section 9.2.9.2 of MIL-HDBK-5. The lot average test values for bearing yield

strengths were paired with the corresponding lot average test values for tensile

yield strengths. Similarly, the bearing ultimate values were paired to the cor-

responding tensile ultimate values. Like derived property grain directions were

paired with like tensile property grain directions. Using the following equation

t.95s
/n

where R = reduced ratio

F = average n ratios

s = standard deviation of the ratios

t0.95 = the 0.95 fractile of the t distribution corresponding

to n-I degrees of freedom

n= number of ratios.

A computer program was used to compute the reduced rations. The results of these

computations are shown in Tables 28 and 29. Confirming the assunptions made in

establishing the test plan, there did not appear to be any significant difference

in the reduced ratios for longitudinal and long transverse grain directions;

consequently the two grain directions were treated together.

These reduced ratios were utilized to establish design allowable values

for the "bearing" properties as follows:

Fbru(L&T) = R x F tu(L), S basis

Fbru(L&T) (e/D = l.5) H1150 = 1.704 x 135 = 230

Fbru (L&T) (e/D = 2.0) H1150 = 2.173 x 135 = 293

Fbry(L&T) = R F ty(L), A or S basis

Fbry(L&T) (e/D 1.5)H1150 = 1.585 x 105 = 166

Fbry(L&T) (e/D - 2.0) HI150 - 1.914 x 105 = 201.
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The Ftu and Fty values were obtained from existing MIL-HDBK-5 Table 2 .5.6.0(c).

A comparison of the bearing allowables for the H1025 and H1150 condi-

tions is shown below.

H1025 HI150

F bru , ksi

(e/D = 1.5) 220 230

(e/D = 2.0) 285 293

F bry, ksi

(e/D = 1.5) 189 166

(e/D = 2.0) 222 201

The allowables for the H1025 condition are from existing MIL-HDBK-5 Table
2 .5.6.0(c). A comparison of the bearing allowables for the two heat treat

conditions indicates that the bearing ultimate allowables for the H1150 condi-

tion are higher than for the H1025 condition even though the tensile ultimate

strength of the H1150 is considerably lower than that of the H1025 condition.

As indicated in the Reference I report, the reduced ratios determined

for the H1025 condition appeared to be low and an investigation was made at that

time to check the bearing strengths which were measured. The test machine was

calibrated a second time (after the testing had been completed); the specimen

dimensions were rechecked for tolerance conformance; and the entire test setup

was rechecked several times with no discrepancies found. Annealed Ti-6Al-6V-2Sn

bearing specimens, which were tested at the same time as the 15-5PH specimens,

exhibited bearing ratios similar to annealed Ti-6Al-4V.

A comparison of 15-5PH bearing reduced ratios with those for 17-4PH in

the H900, H1025, and H1150 conditions and with those for Custom 450 and Custom 455

as determined from tests by Carpenter Technology Corporation, References '0 and 11,

(10) Item 75-22, "Additional Data for Custom 455 Bar", Proposal attached to 51st
Meeting Agenda, April 1976.
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is shown in Table 30. All bearing tests except those for 17-4PH in H900

condition were conducted using "clean pin" conditions. (See bearing test proce-

dure described in Appendix B.) The cleanliness conditions for the tests used to

determine the allowables for 17-4PH, H900 condition, are unknown. From this

table it can be seen that the reduced ratios for 15-5PH in the H1025 condition

are considerably lower than all of the others and appear suspect.

In order to check these low ratios, additional bearing tests were con-

ducted on 15-5PH, H1025 condition, using three of the same heats of bar tested

previously. Appropriate lengths of the bars were precipitation heat treated at

1025 F for 4 hours and air cooled in an air furnace to simulate previous proce-

dure. After heat treatment, specimens were machined from the bars at the

locations shown in Figures 40 and 41.

Tests were conducted for both e/D = 1.5 and e/D = 2.0 conditions.

The results of the mechanical property tests are presented in Table 31. The

bearing average and reduced ratios are shown in Tables 32 and 33. The reduced

ratios from these tests are much higher than the previous tests and compare

closely with those for 17-4PH, H1025 condition.

The configuration of the bearing specimen was changed from that used

in the previous investigation, Reference 1, and the bearing hole diameter

reduced from 0.375 to 0.250 inch and the width increased from 1-1/4 to 2 inches.

However, it is believed that these changes would not cause the large differences

in the reduced ratios as evidenced by the fact that the Custom 450 and Custom 455

bearing tests utilized a 0.375-inch-diameter bearing hole.

Although the cause for the differences in the reduced ratios determined

in the previous program, Reference 1, and those determined in this test program

could not be determined, it is believed that the previously determined reduced

ratios are low. Since the resulting design allowable bearing values in MIL-HDBK-5

Table 2 .5.6.0(c) for 15-5PH, H1025 condition, are highly conservative, these should

be changed so that the bearing allowables for the 111025 condition appear reasonable

with respect to those for the H1150 condition.

(11) Item 75-23, "Custom 450 Bar", Proposal attached to 51st Meeting Agenda,
April 1976.
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Longitudinal

12'

_______________Six bearing specimens:

IlBXL7 through IBXL12

FIGURE 40. LOCATION OF TEST SPECIMENS FOR 15-5pil, H1025-C'DE B

81



z

U z
OL

4) -C

4--

0

z

C\j~

0
OL4

N-14

,14-4

82



l eq -4 cli C14r' C14 eq C4 -

0 c (n (n cn C cn m ( cn Ccn

-14

V) C NeJ - CO CC)'IC' 4 ('4('1'C'j

PQ 0 0r 0 r , -r -0 00

a, a, -0o ,r -r, 0 0 10

.4 (4 C14 CN C4 CA CIJ CN CJ eq .N .N .

u
'D _ __ 00' , , 0 c 0080I 01 01 D1 D1 01

im
d)C - nL n )0L 1

*W. 0 r- 0 V r OON ON

eq C14 en ~ r (n 00coC)00-1

% D ID 10 Ul) U-) D Ln 0

Hd 4) v) lu

.4 cd.~
z *44 x

r4c w uuu4

v,4j>

'14

4

14(N(

C--4

ai

0 0 0 0

83



Ln1

0

0.

Ln 0
%D In t% f wF, Cjo w

0 0

2: ~ ~ m P:~- '-0-4, C-Ll .*.

0 - X .0* ** (v '

ir, r- 0 . 'c n

LL) cx.r 0

zo a

-. 0 0

0.

o0 00

C1-4

cl) W4 (\

_j U UCD (m C

c) C:) C

0) ol 0 0-

84



42I

C1 j , C ' f P 3 c 4 L .) %

z) 
M ,Z0 %

1

-4 0j fl-0 -

-4 -o'D

Q:~ . LL

=) o C. wr

LLg j -i:

0/ C) o

Z Z

w ajL

0

.4 z-
-4L41

Z8



The bearing tests to check the previous data for the H1025 condition

were conducted on three heats which constitute insufficient data to meet the

MIL-HDBK-5 guidelines for determination of derived properties. However, the

average (mean) ratios and standard deviations (variances) for these three heats

were very similar to those for 17-4PH, H1025 condition. Consequently, the "F" and

"t" tests were conducted to determine if there was any significant difference in

the reduced ratios for 17-4PH and 15-5PH, H1025 condition

The "F" test was used first to determine whether the two sample vari-

ances differ (or do not differ) significantly, after which the "t" test was used

to evaluate whether the two sample means differ (or do not differ) significantly.

The results of the "F" and "t" tests, presented in Table 34, indicated no signiifi-

cant difference in the BYS/TYS ratios for 15-5PH and 17-4PH, H1025 condition. The

results of the "F" and "t" tests, shown in Table 35, indicated no significant dif-

ference in the BUS/TUS ratios for 17-4PH and 15-5PH, H1025 condition, except in

the means for e/D = 2.0. Since seven of eight conditions tested showed no signif-

icant difference in the bearing ratios for 17-4PH and 15-5PH, H1025 condition, and

since for the one exception, the 17-4PH mean percentage (ratio) was lower than the

15-5PH mean percentage (ratio), it is recommended that the reduced ratios deter-

tained for 17-4PH, H1025 condition, be used for 15-5PH, H1025 condition.

Consequently, the current bearing design allowables for 15-5PH, H1025

condition, in MIL-HDBK-5 Table 2.5.6.0(c) have been replaced with the bearing

allowables determined for 17-4PH, H1025 condition, as determined in this test

program. These new bearing allowables for 15-5PH are shown in Table 45.

The effect of elevated temperature on the compressive yield strength

was determined in accordance with the guidelines in Section 9.3.1 of MIL-HDBK-5

using the following equation:

0to .95s/n

where R = reduced ratio

r= mean value of the ratio of the elevated temperature

property value to the room temperature property value

s = standard deviation of the ratios
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t0.95 = the 0.95 fractile of the t distribution corresponding

to n-I degrees of freedom

n = number of ratios in the sample.

A computer program was used to compute the reduced ratios. The results of these

computations are shown in Table 36 for the H1025 condition and in Table 37 for

the H1150 condition. Working curves, Figures 42 and 43, were drawn through 100

percent at room temperature not not higher than the computed reduced ratios (R)

shown in Tables 36 and 37 for each temperature. Finished curves were prepared

in MIL-HDBK-5 format as shown in Figures 45 and 46.

The compressive modulus of elasticity data in Table 26 and 27 as well

as data from References 1 and 9 were employed to establish the effect of

temperature on the compressive modulus. Individual average ratios of
elevated temperature, E

croomad temperature, E for the H1025 condition and for the H1150 condition areroom temperature, Em

presented in Table 38. Since the compressive modulus is not expected to vary

with heat treat condition, the data were combined with the overall average ratios

at each temperature shown in Table 38. A working curve, Figure 44, was drawn

through 100 percent at room temperature and not higher than the average percentage

shown in Table 38.

Although the average ratios indicated 100 percent at 400 F and 96.2 at

700 F, the elevated temperature compressive modulus curve was drawn conservatively

below these values based upon shape of elevated temperature compressive modulus

curves for other similar precipitation hardening stainless steels. The finished

curve prepared in MIL-HDBK-5 format is shown in Figure 47.

MIL-HDBK-5 currently contains longitudinal and long transverse compres-

sive stress-strain and tangent-modulus curves at room temperature for the H1025

and H1150 conditions. In order to determine typical elevated temperature com-

pressive stress-strain curves for the H1025 and H1150 conditions, the load-strain

curves obtained from compression tests were used to determine the Ramberg-Osgood

shape parameter, n, employing the graphical procedure described in Chapter 9,

Section 9.3.2.4 of MIL-HDBK-5. The average Ramberg-Osgood parameter for each

heat from Tables 26 and 27 as well as those from References 1 and 9 were

utilized to determine an overall average shape parameter for each temperature and
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grain direction as shown in Tables 39 and 40. A minimum of three heats were used

for these determinations in accordance with the requirements of Section 9.3.2.2

in MIL-HDBK-5.

Using the Ramberg-Osgood equation,

etotal eelastic + eplastic

f + kfn
etotal E

where e total total strain

f = stress

k = constant

E = modulus of elasticity

n = Ramberg-Osgood parameter,

since

e = kfn
plastic

k = e plastic- 0.002

fn TYS
n

substituting

f 0.002f 
n

etotal E n- nE TYSn

A computer program was utilized to plot typical stress-strain curves using typical
values for Ec ) n, and CYS. For the H1025 condition, the typical compressive yield

strength was computed as the product of the typical room temperature tensile yield
CYS 143

strength, 165 ksi, from Reference 12 , the C ratio of L from MIL-HDBK-5
TYS 145

Table 2 .5.6.0(c) and the percentage from the elevated temperature compressive

yield strength curve in Figure 45. The typical compressive moduli were based on

the typical room temperature compressive modulus from MIL-HDBK-5 Table 2.5.6.0(c)

(12) "Armco 15-5PH VAC CE Precipitation-Hardening Stainless Steel Bar and Wire",

Armco Product Data Bulletin 5-21b (no date).
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TABLE 39. DETERMINATION OF RAMBERG-OSGOOD PARAMETERS
FOR LONGITUDINAL COMPRESSIVE STRESS-STRAIN
CURVES FOR 15-5PH BAR H1025

Size, n
Heat No. inches Reference RT 400 F 700 F 900 F

3X0786 5-1/2 rd. (1) 21 ......

1W0516 1-1/2 x 5 -- 19 18 14 12

1W0861 1-1/2 x 7.7 -- 20 16 8 8

4X0780 1-1/2 x 3 -- 22 16 13 12

4W0370 2 x 6 (9) 27 22 15 11

Average 22 18 12 11

TABLE 40. DETERMINATION OF ROOM TEMPERATURE OF RAMBERG-
OSGOOD PARAMETERS FOR LONG TRANSVERSE
COMPRESSIVE STRESS-STRAIN CURVES FOR 15-5PH
BAR H1025

Size,
Heat No. inches Reference n

3X0786 5-1/2 rd. (1) 22

1W0516 1-1/2 x 5 (1) 20

1W0861 1-1/2 x 7.7 (1) 20

4W0370 2 x 6 (9) 19

Average 20
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of 29.2 x 103 ksi and the percentage from the elevated temperature compressive

modulus curve in Figure 47. The Ramberg-Osgood parameters were taken from Tables
39 and 40. The parameters used to construct the compressive yield strength curves

for the H1025 condition are shown in Table 41.

Similarly, for the H1150 condition, the typical compressive yield

strength was computed as the product of the typical room temperature tensile yieldCYS 99
strength, 125 ksi, from Reference 12, the C-S ratio of 99 from MIL-HDBK-5

Table 2 .5.6.0(c) and the percentage from the elevated temperature compressive yield
curve in Figure 46. The typical compressive moduli were based on the typical room

temperature compressive modulus from MIL-HDBK-5 Table 2 .5.6.0(c) of 29.2 x 10'
ksi and the percentage from the elevated temperature compressive modulus curve in
Figure 47. The Ramberg-Osgood parameters were taken from Tables 42 and 43. The
parameters used to construct the compressive yield strength curves for the HI150

condition are shown in Table 44.

Compressive tangent modulus curves were also constructed utilizing the

above parameters and the following equation:

E = 1
Etan 1 + nKf n- I

E

where tangent modulus is the first derivative of stress with respect to strain,

df/de. Compressive stress-strain and tangent modulus curves for both the 111025
and HI150 conditions are shown in Figures 48 and 49. Existing MIL-HDBK-5

Figure 2.5.6.1.6(b) has been replaced with new Figure 50.

Summary - Room temperature Fbru and Fbry values for H1150 condition as well
as new bearing values for H1025 condition have been established. MIL-HDBK-5
Table 2 .5 .6 .0(c) has been revised as shown in Table 45 to include these data.

Elevated temperature compressive yield strength curves for the H1025 and H1150

conditions and elevated temperature tensile and compressive moduli have been
constructed as shown in Figures 45 through 46. Room and elevated temperature

longitudinal compressive stress-strain and tangent modulus curves have been
constructed for 111025 and H1150 conditions, Figures 48 and 49. Room temperature

long transverse compressive stress-strain and tangent modulus curves were also

established in Figure 50.
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TABLE 41. PARAMETERS FOR CONSTRUCTION OF TYPICAL COMPRESSIVE
STRESS-STRAIN AND TANGENT MODULUS CURVES FOR 15-5PH
H1025 CONDITION

Test Compressive Yield Ramberg-Osgood Compressive
Temperature, Strength, Parameter, Modulus,

F ksi n ksi x 10
3

Longitudinal

RT 163 22 29.2

400 140 18 28.0

700 125 12 26.3

900 107 11 24.2

Long Transverse

RT 163 20 29.2

TABLE 42. DETERMINATION OF RAMBERG-OSCOOD PARAMETERS FOR
LONGITUDINAL COMPRESSIVE STRESS-STRAIN CURVES
FOR 15-5PH BAR H1150 CONDITION

Size, n
Heat No. inches Reference RT 400 F 700 F 900 F

3X0786 5-1/2 rd. (1) 5.9 5.4 5.8 8.3

1WO516 1-1/2 x 5 - 9.0 16.0 15.0 14.0

1W0861 1-1/2 x 7.7 (1) 9.6 - - -

4X0780 1-1/2 x 3 - 9.0 21.0 15.0 10.0

3W0523 5/8 x 2 (1) 8.6 8.5 6.3 5.6

3X0687 5/8 x 2 (1) 9.2 21.0 18.0 12.0

Average 8.5 14.4 12.0 10.0
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TABLE 43. DETERMINATION OF ROOM TEMPERATURE OF RAMBERG-OSGOOD
PARAMETER FOR LONG TRANSVERSE COMPRESSIVE STRESS-
STRAIN CURVES FOR 15-5PH BAR HI150

Size,
Heat No. inches Reference n

3X0786 5-1/2 rd. (1) 5.2

1W0516 1-1/2 x 5 (1) 10.0

1W0861 1-1/2 x 7.7 (1) 8.3

7.8

TABLE 44. PARAMETERS FOR CONSTRUCTION OF TYPICAL COMPRESSIVE
STRESS-STRAIN AND TANGENT MODULUS CURVES FOR
15-5PH BAR, H1150 CONDITION

Test Compressive Yield Ramberg-Osgood Compressive
Temperature, Strength, Parameter, Modulus,

F ksi n ksi x 103

Longitudinal

RT 121 8.5 29.2

400 114 14 28.0

700 104 12 26.3

900 92 10 24.2

Long Transverse

RT 121 7.8 29.2
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TABLE 45. PROPOSED MIL-HDBK-5 TABLE 2 .5.6.0(c)

TABLE 2.5.6.0(c). Design Mechanical and Physical Properties of 15-5 P11 Stainless Steel
(Bars and Forgings)

Specification .......... AMS 5659
Form ................. Bars and forgings
Condition ............. H900 H925 111025 111075 H1100 111150 H1150M
Thickness or diameter, in. <12 < 12 < 12 < 12 < 12 < 12 < 12
Basis ................ S S sSa S Sa Sa

Mechanical properties:
Ft. , ksi:
L ................ 190 170 155 145 140 135 115
T ................ 190 170 155 145 140 135 115

F,,, ksi:
L ................ 170 155 145 125 115 105 75
T ................ 170 155 145 125 115 105 75

F, ksi:
L ............... . ... ... 143 ... ... 99 ...T .. . . .. . . . ...... 143 ... ... 99 ...

F, ksi ............. 97 ... ... 85

F6,b ksi:
(e/D = 1.5) ........... 263 ... ... 230
(e/D = 2.0) ....... ... ... 332 293 ...

Fbr si :
(e/D = 1.5) ............ ... 211 ... 166
(e/D = 2.0) ............ ... 250 ... ... 201

e, percent:
L ................ 10 10 12 13 14 16 18
T ................ 6 7 8 9 10 11 14

E, 103 ksi ........ 28.5

E,, I 3 ksi ...... 29.2
G, 101 ksi ........... 11.2
A .................. 0.272

Physical properties:
w , Ib/in. ........... 0.283
C, Btu/(lb)(F) .......
K, Btu[(hr)(ftD(F)/ftj See Figure 2.5.6.0
a, 10- 6 n/in./F ...... See Figure 2.5.6.0

aOnly (le 11900 conditim,n is presently covered by AMS 5659. Properties for other conditions reflect producers guaranteed

minimum tensile properties.

bBcaring vatics are "dry pin" values per Section 1.4.7.1.
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Threshold AK and Low da/dN Evaluations

Background--The presentation of fatigue crack 'growth rate data as AK

versus da/dN requires the generation and presentation of threshold AK and low

da/dN behavior data. These data should also span cyclic stress ratios, R,

typical of fatigue loadings imposed on aerospace structures. In this initial

program, three new aluminum alloys or heat treatments were selected for eval-

uation. These alloys were 7075-T7351, 7475-T7351, and 2124-T851. The generated

data were to be presented in a form compatable with MIL-HDBK-5 guidelines for

fatigue crack growth rate data presentation( 1 3). In addition, the "tail-end"

data points of the low da/dN behavior were to tie-in with the intermediate data

for these alloys as presented in Reference 14.

Test Plan--The test plan and experimental matrix were constructed to
evaluate low da/dN behavior at R ratios of 0.500, 0.250, and 0.100. The

variation of threshold AK with R ratio was also to be evaluated. The following

table describes the experimental variables of the test plan for seven specimens

of each aluminum alloy.

TABLE 46. TEST PLAN

Specimen
Numbers R Ratio Data Generated

1, 2, 3 0.500, 0.250, AKth and low da/dN
0.100

4 0.500, 0.250, AKth verification
0.100

5, 6, 7 0.500, 0.250, Intermediate da/dN
0.100

(13) Item 74-14, "Guidelines for Presentation of Fatigue Crack Propagation
Data", Proposal attached to 52nd MIL-HDBK-5 Meeting Agenda, April 1976.

(14) "Damage Tolerant Design Handbook", Battelle MCIC-HB-01.
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Materials-The aluminum alloy 7075-T7351 plate was originally purchased

from Alcoa as 7075-T7651. The material was aged to the T7351 condition. Speci-

mens were fabricated from the remaining material used in another BCL program as

reported in Reference 15. Aluminum alloy 7475 plate, as used in the F-16 lower

wing skins, was received in the T7651 condition from General Dynamics. The 25 x

48 x 0.520-inch section was cut from Alcoa plate 170-096 and heat treated to the
T7351 condition by aging at 350 F for 3 hours. The 2124-T851 plate, as used in

the F-16 wing carry-through bulkheads, was received in a section size of 36 x

16 x 5.5 inches from General Dynamics. The parent plate identification is Alcoa

plate 448-131. All materials were supplied at no cost to the contract.

Specimen Configurations-Four specimen configurations were utilized in
this experimental phase to generate da/dN data at the low and intermediate ranges.

These specimen configurations are shown in Figures A-9 and A-10 of Appendix A.

The specimen configurations were multiflawed through-the-thickness center crack
panels. The two specimen widths of 6.0 inches and 4.0 inches were selected for

low and intermediate da/dN testing in a 25 kip electrohydraulic fatigue machine.

The 7075-T7351 and 7475-T7351 panels were of the configuration as shown in

Figure A-9 with four cracks. The 2124-T851 panels were of the configurations

as shown in Figure A-10 with three cracks. The cracks were initially sharp,

diamond shaped flaws, 0.625 inches long and equally spaced at a distance to
avoid interaction of fatigue crack growth behavior and associated crack tip

stress fields.

The 7075-T7351 and 7475-T7351 panels were of LT direction, whereas

the 2124-T851 panesl were of TL direction. The first four panels (0.500 inch

thickness) of 2124-T851 for low da/dN testing were fabricated from the quarter

thickness area of the original 5.5 inch thick plate. The three panels for

intermediate da/dN testing were fabricated from the surface thickness area.

Fatigue Crack Propagation Results and Discussion-The fatigue crack

propagation test results of each panel for each aluminum alloy are presented in
tabular and graphical form. The crack-length-cycles data are presented in

(15) Feddersen, C. E., and Hyler, W. S., "Fracture and Fatigue-Crack-
Propagation Characteristics of 7075-T7351 Aluminum Alloy Sheet and Plate",
Battelle Report G-8902 to NADC, March 1970.
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Appendix C. In each table is also shown the fatigue crack growth rate and
stress intensity level calculations. Each table contains data for a given R
ratio with both the low and intermediate rates. Data for 7075-T7351 are

presented in Tables C-l, C-2, and C-3. The data for 747'5-T7351 are presented
in Tables C-4, C-5, and C-6. Tables C-7 through C-10 contain data for

2124-T851.

The crack-length-cycles data at each R ratio for each alloy were

plotted. The behavior of each crack is shown in each plot. Fatigue crack
growth rates at R = 0.500, 0.250, and 0.100 for 7075-T7351 are shown in Figures

51 through 54. The behavior curves for 7475-T7351 are shown in Figures 55

through 58. Figures 59 through 62 show the fatigue crack growth behavior for

2124-T851 at R = 0.500, 0.250, 0.100, and 0.070.

Fatigue crack propagation rates, at each R ratio for each alloy are
presented in graphical form according to MIL-HDBK-5 guidelines of Reference 13.
All data points have been presented in the unscreened form. Figures 63, 64,
and 65 show the AK versus da/dN data for 7075-T7351. The data for 7475-T7351

are shown in Figures 66, 67, and 68. Figures 69, 70, and 71 show the AK

versus da/dN data for 2124-T851 at R = 0.500, 0.250, and 0.100.

The stress intensity level of each crack was determined by the center-
cracked formula with the secant finite width correction. That is,

AK = A7,r-a [sec -7-
w

Corresponding plotted da/dN values were those determined from the three-point

divided difference method. The curves in each set of data are the average be-
havior lines drawn through the data. No attempts were made to fit a fatigue

crack growth rate equation to the rate behavior.

Composite plots of the low and intermediate da/dN data for each R
ratio are presented in Figures 72, 73, and 74. The effect of the R ratio is

less pronounced in the region of low da/dN.

The threshold AK determination was quite complex. At each R ratio

the data was analyzed to determine the threshold AK for that test. A summary

of the AKth values are shown in Table 47. The method of selection of the

(13) Item 74-14, op.cit.
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FIGURE 56. CRACK LE NGTH-CYCLES BEHAVIOR FOR 7475-T7351 AT

R = 0.250
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FIGURE 57. CRACK LENGTH-CYCLES BEHAVIOR FOR 7475-T7351 AT
R = 0.100
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FIGURE 58. CRACK LENGTH-CYCLES BEHAVIOR FOR 7475-T7351 AT
R = 0.100, 0.070, 0.250, 0.500 (ADDITIONAL DATA)
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FIGURE 60, CRACK LENGTH-CYCLES BEHAVIOR FOR 2124-T851 AT
R = 0.250
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FIGURE 62. CRACK LENGTH-CYCLES BEHAVIOR FOR 2124-T851 AT
R = 0.500, 0.250, 0.100 (ADDITIONAL DATA)
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FIGURE 67. FATIGUE CRACK GROWTH RATE FOR 7475-T7351 AT
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TABLE 47. RESULTS OF THRESHOLD AK

IN HUMID ENVIRONMENT

Alloy and Heat AKth Type(a)

Treatment R ratio ksi.jin Growth

7075-T7351 0.10 4.026 A

0.10 2.008 C

0.25 1.983 A

0.25 1.665 C

0.50 1.608 A

0.50 1.110 C

7475-T7351 0.10 3.583 A

0.25 2.397 A

0.25 2.270 C

0.50 1.709 A

0.50 1.537 B

2124-T851 0.10 3,112 A

0.10 3.520 A

0.10 2.876 C

0.25 1.952 A

0.25 2.200 C

0.50 1.703 A

0.50 1.528 B

0.50 1.399 C

(a)A = Lowest AKth of multiple cracks during

initial growth.

B = Lowest nKth of multiple cracks which
showed growth during prior cycling.

C = Lowest from verification specimen.
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ath is described as follows. A type of growth either A, B, or C designation
was given to the selected value of AKth. The A designation indicates the AKth

value which was the lowest of the multiple cracks during the first panel test

at a given R ratio. The B designation refers to the AKth value which showed

slight growth during the prior cycling at a lower maximum stress level. If

growth did not occur, a B designation was omitted. The C designation refers to

the AKth value as determined by the fourth panel testing which was the verifi-

cation or make-up test to further define the AKth at a given R ratio. The

AKth values established by this selection are for a humid environment which

could be affected slightly by the fatigue crack precracking in laboratory air.

Therefore, the lower bound of AKth data, at a given R ratio, should be selected
as the AKth in 95 percent or higher humidity environment.

A summary graph of the results for each alloy is presented in Figure 75.

It has been shown in Reference 16 that AKth versus R data can be fitted to

AK = C(I- Re), where C is material and environmental dependent. The curves
shown in Figure 75 are fitted to the lower bound AKth value for each alloy.

Summary-Fatigue crack propagation data has been presented for three

aluminum alloys, 7075-T7351, 7475-T7351, and 2124-T851, in 95 percent or higher

humidity environment at R = 0.500, 0.250, and 0.100. Fatigue crack growth rate

data were generated in the low rate region of propagation where da/dN = 10-9 to

10-6 inches/cycle and additional da/dN data were generated to fill the gap

between the low da/dN data and the data in the Damage Tolerant Design Handbook.

The resulting da/dN data covered a range from 10-9 to 10-4 inches/cycle.

Threshold cyclic stress intensity levels, AKth, were determined for each alloy

and R ratio in 95 percent or higher humidity environment. An average fit of

tie lower bound of AKth versus R was determined.

Recommendations--With this additional fatigue crack propagation data,
it is recommended that complete AK-da/dN curves at various R ratios for 7075-

T7351, 7475,T7351, and 2124-T851 be proposed for inclusion in MIL-HDBK-5.

(16) Grandt, A. F., and Gallagher, J. P., "Proposed Fracture Mechanics
Criteria to Select Mechanical Fasteners for Long Service Lives", ASTM

STP 559, 1974.
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APPENDIX A

SPECIMEN CONFIGURATIONS
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844

3"

.T -10 thread A-1209

FIGURE A-.SU IZ ROUND TENSILE SPECIMEN
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0.100

a

dia 34 Y
IF

e/D of 1.5 a=.375 Note: All dimensions
e/D of 2.0 a=.500 in inches

FIGURE A-3. BEARING SPECIMEN
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3"

~1

- 2 A-1638

Note: Grind or machine ends of specimen so that ends of specimen
shall be plane and perpendicular to the axis of the specimen
within 0.25 degree. The ends shall be parallel within 0.0005".

FIGURE A-4. ROUND COMPRESSION SPECIMEN

-0.500 :ho001,

B" 31 "+.001

31O OI- drill, ream 0.500 - 000 A-1649

FIGURE A-5. SHEET TENSILE SPECIMEN - I" GAGE LENGTH
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3.000 ± .005 1 10"

2.0 .002" 0500Q±002

1.000 o 0i

Four 90 V notches, 0.010" deep

Notes: I. Ends must be flat and parallel to
within 0.0002".

2. Surface must be free from nicks
and scratches. A-1516

FIGURE A-6. SHEET COMPRESSION SPECIMTEN

0.0625 D ream Sawcut,

450

g -- . .0,190± .oo5 '

44-

A-1520

FIGURE A-7. SHEET SHEAR SPECI,EN
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FIGURE A-8. SHEET BEARING SPECIMEN
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FIGURE A-9. MULTIFLAW CENTER-CRACK PANEL CONFIGURATIONS

(45 INCHES LONG)
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FIGURE A-10.MULTIFLAW CENTER-CRACK PANEL CONFIGURATIONS
(36 INCHES LONG)
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APPENDIX B

TEST PROCEDURES
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Tension

Procedures used for tension testing were those recommended in ASTM

Method E8 and E21. Depending on the material, the specimens were either the

standard round or pin-loaded flat type as recommended in E8. Tensile tests

were conducted using Baldwin Universal type testing machines. These machines are

calibrated at frequent intervals in accordance with ASTM Method E4 to assure load-

ing accuracy to within 0.2 percent. The machines are equipped with integral auto-

matic strain pacers and autographic strain recorders.

The extensometers used conformed to ASTM E83 classification Bl

having a sensitivity of 0.0001 in./in. The strain rate in the elastic region

was mainteained at 0.005 in./in./min. After yielding occurred, the rate was in-

creased to approximately 0.1 in./in./min until fracture. Ultimate strength,

yield strength (0.2 percent offset), elongation, and reduction of area were deter-

mined. The yield strength and modulus of elasticity were determined from the load-

strain curves. Tensile tests were conducted at room temperature only.

Compression

Procedures for conducting compression tests conformed to ASTM Method

E9 along with the temperature control provisions of E21. Depending on the material,

the specimens were either cylindrical or flat (sheet) type. Specimens tested at

elevated temperatures in the Baldwin Universal testing machines were heated in

standard wire-wound resistance-type furnaces. Each furnace was equipped with a

Foxboro controller capable of maintaining the test temperature to within 5 F of

the control temperature. Chromel-Alumel thermocouples were attached to the speci-

men gage section and used to monitor temperatures. For sheet specimens, thermo-

couples were approximately 1/16 inch from edge of specimen. Each specimen was

soaked at temperature for about 20 minutes before being tested. Extensometry

and strain rates were similar to those described in tension testing section.
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The compressive yield strength (0.2 percent offset) and compressive modulus of

elasticity were derived from the load-strain curves.

Shear

Single shear sheet-type specimens were used for shear tests, which

were performed in a Baldwin Universal-type testing machine. Shear tests were

conducted at room temperature only.

Bearing

Bearing tests were conducted in accordance with ASTM Method E238. All

bearing tests were performed in electrohydraulic servocontrolled testing machines.

The test setup is shown in Figure B-1. Extensometry has been removed for clarity.

Deformation of the bearing hole was measured with a differential-transformer ex-

tensometer and recorded versus load with a conventional autographic recorder. The

hardened steel bearing pin was rotated so that a new bearing surface was used for

each specimen. Prior to testing, the pins, specimens, and fixture were ultra-

sonically cleaned in acetone. After cleaning, white gloves were used in the handl-

ing of pins, specimens, and fixtures. Bearing ultimate strength and bearing yield

strength (2 percent of pin diameter offset) were determined from the load-strain

curves. Bearing tests were conducted at room temperature only.

Precision Modulus

Compressive precision modulus (chord) tests were conducted at room tem-

perature in accordance with ASTM Method ElIl using flat (sheet) type compres-

sion specimens. These tests were conducted on specimens which were subsequently

tested to determine compressive yield strength and compressive modulus of elas-

ticity. A strain gage, micromeasurement type, was mounted on the two edges of the

specimens. Loads were applied using a Baldwin Universal-type testing machine and

strains from the two strain gages were measured over a 1/8-inch gage length. The

average of the strain readings from the two gages were used in the calculations.

Three runs were made on each specimen at two stress intervals. Specimen area cal-

culations were based upon specimen measurements to the nearest 0.0001 inch. The

average of at least three area measurements within the gage length was used for all

calculations. In this manner the chord modulus were determined.
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FIGURE B-I. BEARING TEST SETUP
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Fatigue-Crack-Propagation

Each of the multiflawed center-cracked panels were precracked in room

air environment at R = 0.0 prior to da/dN data generation. Fatigue cycling at

a predetermined gross-area stress level was continued until cracks had initiated

at all diamond shaped notches. Following precracking the high humidity environ-

ment of 95 percent relative humidity or higher was applied inside a plexiglas

chamber. The high humidity was generated by passing heated air through a bubbling

water reservoir. The fatigue crack growth testing was conducted at a cyclic

frequency of 30 to 35 Hz for the low da/dN and 6 to 30 Hz for the intermediate

da/dN. The maximum cyclic stress level was maintained constant with the R ratio

changed to the test level of 0.10, 0.25, or 0.50. If fatigue crack growth did

not occur within a reasonable number of cycles, the maximum cyclic stress level

was increased in small increments, usually 250 psi, until the precrack started to

grow. In some cases, the precrack started without an increase in stress level.

This resulted in exceeding the threshold AK at that R ratio.

The fourth panel test of each alloy was designed as a catch-up or

verification test of threshold AK. Based on data generated by the other panels,

cycling stress levels were selected to measure threshold AK. These levels were

below those previously tested at R = 0.50 Threshold levels were then determined

at that maximum cyclic stress level at R = 0.50 followed by R = 0.25 and R = 0.10.

The 4-inch wide panels were utilized to generate da/dN data in the

intermediate range. In order to cover the range of AK = 4.0 to 10.0 ksi/ i , the

da/dN data at a given R ratio were generated in steps or increments with increas-

ing stress ranges due to limiting load capacity of the machine and the panel crack

size and width.
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APPENDIX C

FATIGUE-CRACK-PROPAGATION DATA
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TABLE C-I. FATIGUE-CRACK-PROPAGATION DATA FOR 7075-T7351 AT R = 0.500

SPELI MN NO.= AL-i-1-. 5 YILLO STKiNGTH= CC.46 THICKNESS= 0.50C WIDTH= 6.OIC

SPICIMkN TYPL=CC, MAXIPUM SIRLSS L,AC= 3.LQC STRESS rATIG= L.500

BASIC DATA OA/ON CALCULATIONS DAMAGE PARAMETER

A N SIMPLE SIMPLE THREL PT. KMAX DELTA K

IN. CYCLES SLOPE(A) SLOPLE(P) O1V.DIFF.

0.31! * .+00 *G 3.&16 1.5C3

6.90LL-C7 3.216 1.E08

O.40C 10C0O0C. ,.741OL-G7 0.7410k-7 3.426 1.713

L.575&t-07 3.550 1.775

J.46. 2*, C30U. 0.74.35F-C7 C.7b37E-6~7 3.674 I.E37

0.9323t - 7 3.844 1.922

L,S47 2893JOL. 0.975?E-07 C.9711[-07 4.014 2.GC7

. 101 4 -6 4.211 2.1C5

0.648 3893001. 0.113CE-06 0.11.9L-06 ..4ci 2.2C4

L.12f4E-L6 4.611 2.3C6

J.757 475200C. .1316E-06 0.13, E-C6 4.81 2.4C7
L.13blL-06 5,ufb 2.533

0.893 575100C. G.164-7E-C6 C.18 2E-L6 5.316 .658
L.2L87'-L6 5.56b 2.783

1.128 639801.. ..2428L-CE i,.2528E-C
6  

5.16 2.9C8

C.2868L-06 6.L69 3.L-4

1.171 688CL. 0.3560L-CE L.35606-0c 6.362 3.161

1.4252E-C6 6.795. 3.397

1.384 73)800L. J.5377E-CE 3.67 6L-66 7.226 3.613

6.
8
3
3
1L-,6 7.874 3..37

1.bb 7729j6L. , )U& .L+cv A.521 4.261

0.316 *EC .F+ac 3.009 1.504

L.114.7L-G6 3.271 L.636

0.431 160COC. 0.83E7-C7 ,.8367L-07 3.534 1.767
,.526

0
L-C7 3.645 1.823

0.483 2LOGC. 0.7322E-C7 0.75t,9t-0 3. 756 1.878

0.96
3 6

E- 7 3.921 1.965

0.569 2893uCC. 0.1073E-06 l.46-.f .. 1G3 2.C51

I.1171c.-6 4.327 2.164

6.
6

66 3693001. 0.11I2E-0( 0.1102L-C6 4.55? 2.276

0. 1 2E-C6 4.719 2.360

0.776 47521. .13
7

:-.6 u. 1
3

2
4

1E-.
6  

4.S86 2.443

*.1652L-G
6  5.ig9 2.595

J.tJ1 57520... 0.1789L-Lt .1864L-LE 5.494 2.747

u.2G02c-C6 5.735 2.668

1.071 6398000. 0.2257L-CE 0.2331L-0 5.976 2.g88
S.566,-L6 6.225 3.112

1.20C 689801 . 0.34031-L6 1.34 3-06 b..73 3.237

.. L.219-C6 6.903 3.454

1.411 7348300. 0.59bLE-tb .68459-16 7.342 3.C71

.85411-lo 8., , 4.013

1.6b9 
7
729U06. .t+CC .L+0 8.7L9 4.354

0.315 .E.00 .L+C 3.GC3 1.S02
1.l18>-16 3.23d 1.619

0.417 Ii.Q0000. 0.6265E-07 O.b265E-C
7  

3.472 1.736

t.2355-C7 3.523 1.762

W.44C 2s,O4OO. j.66L4E-C7 .. 71191-u7 3.574 1.787

. 1137L-06 3.783 1.892

o.541 28 20s. C.lu11E-06 0.1024E.-6 3.9c2 1.996

L.1980L-07 4.1E8 2.054

u.b
3
1 3892C00. O.11gE-C 0.114.L-C

6  
4.343 2.171

6.1356E-Z6 4.562 2.281

C.746 475 liOC. 0.1672-O L.1626L-CE A.78 2.391

4.1944L-C
6  5.133 2.570

0.142 57SiJOC. 0.1971E-C 0.1966E- 6 5.,.C8 2.749

1. * O12.- 5.74 2.870

1.u72 6398JOu. 0.2346E-CI 6.2444L-C6 5.9e3 2.991

0.2778L-Lb 6.2!0 3.125

1.211 6898jac. C.4fOi-6t .. ,
3 5 3

st-16 6.518 3.215

C.43831-.6 6.973 3.486

1.4-3. 7 3s*000 * 0.59(9E-C( G.f 776L~-L6 7.428 3.714

1.8364t-L6 5.1C1 4.C50

1.707 7729000. .E#1O .1435 8.774 4.387

NOTE: Simple slope (A) - Slope between points and assigned to point.

Sinple slope (P) - Slope between points and assigned to mid-point.

Three-point-divided difference - considers averaging of three adjacent points for rate calculation.
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TABLE C-i. (CONTINUED)

BASIC DATA DA/ON CALCULATIONS DAMAGE PARAMETER

A N SIHPLE SIMPLE THREt PT. KMAX DELTA K

ON. CYCLES SLOPL(A) SLOPE(P) DIV.DIFF.

4+4 #+ ** * .. ++ * + * +* * + + + . . .. * *+ ++ ... + ...... 1....

6.10816-06 3.250 1.65
J.422 1000000. 0.6285E-[7 w.t265t-0? 3..8 1.71.9

.176 5t-17 3.536 1.766
J.4.. 2o0ooc. j.579SE-C7 3.6283F-C7 3.574 1.787

L.1031E-06 3.7C4 1.e82

.532 89200. u .1 29E-LL c.1 296-CE 3.955 1.977

L.1027t-C6 4.1 5 2.C78

0.635 389200. 0.128bE-06 .1 3?2-Cf, 4.35t 2.17b

156
8

E-L 6 4.b12 2.306

u.771 4751j0C. 0.1725E-CE 0.17CEE-DE 4.868 2.434

0. 1
8
4

3
C -. 6 5.2cb 2.EL4

0. ,56 5751I,Cu. 0. U27E-OC 0.2128t-CE 5.5'7 2.774

L.2312L-b6 5.827 2.914

1.165 6390130C. L.2767C-Lb 0.29uCL-C6 b,.lC7 3.053
L.335,L-Jb b.435 3.218

1.273 689300C. 0.17IlE-LE C . 47.IE-LE 6.76. 3.382
,.r44L-L 67.43L 3.715

1.57i 739bOOD. .6+0 .. 6.OW? 4.01.8

SPECIMEN NC.= AL-6-1A-.5 YIELD STrENGTH= 64...? THICKNE SSm 0.475 WIDTt4 b. 200

$PECIPIEN TYPE=CC , PAXIMUM STIFESS OR LC'AD= 8.000 STRESS RATIO= 0.50C

0.437 680c00. .E*60 .E+C0 9.5ci 4.750
0.1725-05 9.598 4.799

0.455 690000. 0.1575E-05 0.1575L-05 9.F96 4.84a
0.1425F-05 9.77 4.6888

0.469 700001. 0.1660E-C5 0.1660E- 5 q.o55 4.928

0.1895E-05 9.960 4.980
0.488 710000. 0.171.5E-05 0.1745E-C5 11.065 5.C33

0.1595E-05 10.153 5.C76

0.504 720000. 0.184SE-C5 0.1845E-C5 10.24 5.123

0.2095-05 10.353 5.177
0.525 73000O. 6.2262E-C5 0.2262E-C5 1.*f7 5.233

0. 2430E-05 10.596 5.298
0.549 7400 0. 0.2205E-05 0.2205E-05 10.726 5.363

0.198E-C5 1.83U 5.415
0.569 750ci0. 0.2530E-C5 0.253&L-05 1C.935 5.4E7

0.308CE-05 11.095 5.547

0.600 760000. 0.338E-C5 0.3138E-C5 11.255 5.E28

6.3195L-C5 11.,.19 5.710

79.63? 770706. 0.3440E-05 0.344CE-;5 11.5t1 5.792

0.3685t-C5 11.77C 5.885

0.668 780101. E#CC ,6*iC 11.9 7 5.979

0.510 68000 .8 .0 ... 10.308 5.154

0.2685L-05 10.452 5.226

0.537 690000. 0.6875E-05 0.1875E-05 10.59? 5.298

0.10c5L-05 10.6S3 5.327

0.547 700600. 0.1497E-C5 0.1497E-.9 10.71 5.355

0.1930E-05 10.812 5.40f

0.567 _ 710001. 0.2168E-05 --- 0.217E-C5 1-.914 5.457

0.2405C-05 11.039 5.52C

0.591 720000. 0.2207E-05 0.22D7E-05 11.165 5.S82
0.2010E-C5 11.2C9 5.6 4

0.611 730003. 0.2562E-05 0.2562E-05 11.372 5.686

0.3115t-05 11.532 5.766

0.642 740000. 0.2898E-05 0.2898L-05 11.691 5.816
0.2680t-05 11.827 5.913

0.669 750000. 0.2828E-05 0.2828E-15 11.962 5.981
0.297SE-05 12.112 6.056

0.699 760C00. 0.28876-05 0.2887L-15 12.261 6.131
0.28&0-05 12.41l 6.2C0

0.727 770000. 0.3192E-G5 0.3192E-05 12. 5 0 6.270
0.3585E-05 12.718 6.359

0.762 780000. .E00 .E+00 12.896 6.8

0.469 680000. .E.00 . +.00 9.854 4.927

0.1650E-05 9.946 4.973

0.485 690000. 0.1657E-05 0.1657E-05 10. 037 5.C19
0.1665E-05 10.129 5.04

0.502 700000. 0.1662E-05 0.1662E-S 10.220 5.110
0.1660E-05 11.311 5.155
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TABLE C-i. (CONTINUED)

BASIC DATA DA/ON CALCULATIONS DAMAGE PARAMETER

A N SIMPLE SIPPLE THREE PT. KmAX DELTA K

IN. CYCLES SLOPE(A) SLOPEIP) DIV.DIFF.

O.510. 710000. 0.1748E-05 0.1748E- 5 10.4C0 5.2CC

0.1835E-05 l0.,98 5.249

0.537 720000. 0.1923E-05 0.1923L-05 10.597 5.2S8

0.2010-05 10.7L3 5.352

0.57 730000. 0.2150E-05 0.2150E-C5 10.810 5.405

0.2290E-05 1C.93C 5.465

0.580 740000. 0.2318E-05 0. 2317L-05 11.050 5.525

G.2345L-05 11.172 5.586

0.603 750000. 0.2370E-G5 0.2370E-5 11.294 5.647

0.2395E-C5 11.417 5.7&8

0.627 760000. 0.2557E-05 0.2557L-05 11.54i 5.77C

0.27201-05 11.678 5.839

0.654 770000. 0.2805E-C5 0.28G5E-C5 11.81b 5.908

0.2890E-05 11.962 5.981

0.683 780003. .E+00 .E+00 12.106 6.054

0.415 680000. .E+00 E.... *6+00 . .. . 9.239 4.620
0.1855E-C5 9.346 4.673

0.433 690000. 0.1565E-65 0.15b5E-05 9.454 4.727

0.1275C-05 9.527 4.7E3

0.446 700C00. 0.1662E-05 C.1662L-05 9.599 4.80

0.2050E-05 9.715 4.857

0.467 _ 710003. 0.2095E-05 0.2095E-05 9.830 4.915

0.2140E-05 9.949 4.974

0.488 720000. 0.2235E--5 0.2235L-05 10.068 5.C34

0.2330E-05 10.195 5.CS7

0.511 730000. 0.23686-05 0.2368L-05 10.322 5.161

C.24C5E-.9 1^.,451 5.226

740CO0. 0.2098E-05 0,2697E-C5 1C.581 5.290

0.2990-05 10.734 5.369

0.565 750C00. 0.3027E-05 0.3027E-05 1C.897 5.449

L.30650-C 11.0 7 5.529

0.596 76003. 0.3278E-C5 0.32780-05 11.217 5.608

0.3490-C5 11.396 5.698

_.63. 770011. C.3565E-06 0.3565L-05 11.576 5.788

0.36406-05 11.761 5.880

0.667 780000. .E400 .E+00 11.945 5.973

SPECIMEN NO.= AL-6-18-.5 YIELO STRENGTH= 64.47 THICKNESS= 0.475 VvIDTH= 4.010

SPECIMEN TYFE=CC, MAXIPUM STRLSS OR LOAD= 11.5C0 STRESS kATICz C.5G0

__Q _ 2 780400 E .+OQ .. .. .00 . .17.971 8.986

0.6850E-;5 18.031 9.016

0.679 781400. 0.9400E-05 0.8125E-05 18.091 9.045

0.1067E-04 18.279 9.139

0.700 783400. 0.1056E-04 0.10560-04 18.466 9.233

0.1045L-04 18.651 9.325

0.721 785400. 0.9963E-05 .09963L-L5 18.t36 9.418

0.9475E-05 19.0c6 9.502

0.74J0 78740G. 0.11896-04 0.11896-C4 19.174 9.587

0.1430E-04 19.431 9.716

0.769 789400. 0.1490E-C4 0.1490L-04 19.689 9.844

0.155C0-04 19.972 9.986

0.800 791400. 0.1530E-04 0.15306-04 20.255 10.128

0.151CE-04 20.536 10.26t

0.830 793400. 0.1605E-04 0.1605L-04 2G.817 10.409

0.17000-04 21.140 10.S70

0.864 79540O. 0.1821-C4 0.1781E-C4 21.463 10.731

0.1902-c4 22.023 11.011

0_21 798400. 0.2238-04 0.2238L-04 22.582 11.291

0.2573L-04 23.385 11.693

0.998 801400. 0.2933E-04 0.2933L-4 24.168 12.C9

0.3293r-04 25.313 12.657

1.097 804400. 0.3633E-04 0.4993E-04 2b.439 13.220

0.5333E-'4 26.833 13.417

1.129 805000. .E*00 .E+o0 27.227 13.614

0.76b 780400. .E+00 .E+&O 19.641 9.820

0.9500-05 19.727 9.863

0.776 781400. 0.1056E-04 0.1C04E-04 19.813 9.907

0.1112E-04 20.017 10.08

0.798 783400. 0.1206E-04 0.12061-04 20.220 10.110

0.1300E-04 20.462 10.231
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TABLE C-I. (CONTINUED)
*+44+4 .... *++**** ¢+6+ +*++++ +. ... . . . ... . .*+ **+ ¢ ¢¢ * ... ... +++* .... * *I *

BASIC DATA DA/GN CALCULATIONS CAMAGE PARAMETER
A N SIMPLE SIMPLE THrEE PT. KMAX DELTA K
IN. CYCLES SLOFE(A) SLCPE()F DIV.DIFF.

01824 -,785403. 0.129iE-04 0.1291E-04 20.7L3 iC.35i
0.1282L-04 2O.945 10.472

0.849 787400. 0.1355E-C4 0.1355E-04 21.186 10.l93
0.142?E-04 21:4EI 10,730

0.878 789400. 0.1464E-04 O.1,64E-04 21.735 10,8 7
0.1500-04 22.29 11.015

0.908 791400. 0.1726E-04 0.1726E-04 22.324 11.1 2
C.1952E-04 22.718 11.359

0.947 79340. 0.1869E-01 0.1869E-04 23 ,113 11.556
4.1785-04 23.465 11.743

0.983 795403. 0.2271E-04 0.21CM6-L4 23.858 11.929
0.2595L-0 24 .72G 12.3E0

1.061 798400. 0.2774E-C. 0.2774E-' 25.581 12.791
0.2953E-a4 2E.EC2 13.331

1.149 801400. 0.4084E-04 0.40841-G4 27.744 13.872
0.5215E-04 3k.229 15.015

1.306 804400. 0.58566-04 0. 84181 -. 4 32,315 16.158
C.9058E-L4 33. 26 16.,634

1.360 eO050. .E+OC .E00 34.220 17.110

0.687 . 780400. .E*60 _ E+00 18.238 9.119
0.9800-05 18.3Z4 9.162

0.697 781400. 0.1025E-04 0.1003E-04 18.411 9.265
0.1047E-04 18.596 9.298

0.718 783400. 0.9537E-C5 0.9537E-05 18.781 9.390
0.8600E-05 18.934 9.4br

0.735 785400. 0.9437E-G5 0. 9437E-C5 19.c87 9.543
0.1028L-64 19.271 9.63E

0.756 787403. 0.1149E-C4 0.1149[-04 19.4.6 9.728
0.1270E-04 19.686 9.e43

0.781 78940 . 0. 12716-01. 0. 1 21E-.4 19.91E 9.958
0.1272E-04 2 . 1 0 13.0C75

0.807 791400. 0.1352E-04 0.1352E-04 2C.3e4 10.192
0.1432E-04 z2.65 1 13.32C

0.835 79340U. 0.1492E-0 0.1492f-C4 2C.919 10.49
0.1553E-04 21.214 0.607

0.866 795400. 0.1f75E-04 0.1634E-C4 21.51. 10.755
0.1757E-C4 22. C7 i1C14

0.919 798400. 0.1922E-C4 4.1922L-C4 22.5'4 11.272
0.2087E-04 23.19.l 11,595

0.982 801401. 6.2347E-C4 0.234?E-C4 23.835 11.917
0.2608E-04 24:7CC 12,350

1*060 804400 , 0.2751E-04 0.3324L-C4 25.5(5 12,782
0.34E7E-24 25.808 12.9 (4

1.081 865030. °E#OC ,E+00 26.151 13.c25

0.673 780400. .E+00 . *00 17.985 8.993
0.lk2OE- 4 18.110 9.C55

0.687 781400, 0.1232E-0 4 0.1326-04 18.234 9.117
0.1137E-04 18.434 9.217

0.710 783400. 0.1331E-C 4 0.1331E-04 18.635 9.317
0.1525-C 4 18.9c6 9.t53

0.740 785400 0.1419E-04 0.1419E-L4 19.177 9.589
0.1313E-04 19.413 9.707

0.767 787400 0.1466E-C4 0.1466E-04 19.650 9.825
0.1620-04 19.946 9.973

0.799 789400. 0.1744E-04 0.1744E-04 2G.242 10.121
0.1867L-C4 2W.59G 10.295

0,83f 7940L. C.1981E-34 0,1981E-24 2,937 10.469
0.2095L-04 21.338 10loE9

0.878 793400. 0.22096E-04 0.2209E-C4 21.739 10.8E9
0.232ZE-1 22.198 11.099

0.925 79540C. 0.2476E-04 0.2425t-L4 22.657 11. 328
0.2578E-04 23.464 11.732

1.002 798400. 0.3296E-04 0.32966-04 24.271 12.136
6.4013E-14 25.6E7 12.834

1.122 801400. 0.5726E-04 0.5726E-14 27.063 13.532
C.7438L-C4 30.378 15.189

1.346 804401. ,E+CO ,+ .0 33.694 1b.847
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TABLE C-2. FATIGUE-CRACK-PROPAGATION DATA FOR 7075-T7351 AT R = 0.250

- 2YETrKTS J._5CO WlDTt4z -&.-oS P F C I M -N T Y F -= C ,  4 x , .j j . 3 ' L G A C = 2 - 5 C 0 S T ;Z S : C A T I U = ., 2 5 J

BASIC DATA PA/01 C-LCULATIONS OAMAGr FA&AMLTER
;-- -- -TH;EE PT, -kHAXT DELTA K.IN. ZYCLLL (Al SLOC(F) DIv.UIFF.

0.375 E .,.o 2.738 2.054.
0.7z-7 4.Ti 

Z.eF-

2- 924- 2-193 -
0.449 l O,G.6?l 6L-G -7 b5, -C 7 3, Jll 2,: 2

.- !.iY5 2.3510.521 32792 -.. . . -- ,7 0. 7D :-, 3.259 2..4.4.

0.615 3!752000. 1.1177,66 a.1ll5E-Qb 3.5ic 2.682

3.76C 2.835

.. . . .. 4.232 3.174j.9..9 0;6IE.j*.190FE-06 0.2037c-Lb .. 81 3.361
1.127 "C,. 2 .2719 t- 6 0, !417Z-j6 5,15c 3.8NQ

5.325 __3. 99g1.229 tio.. .. *O *LO 5.4.91 ,.118

io.3i4 'C 7? JC,, 
2.774 2.GS

0,0?5 '-2jC, C.7465E-v7 7 ,0 973.-? - 2. 92E 2.194
47 - 1 0 8.------2.3i3-0.5 16 9... ,c w 6___ .

9
Z91+-+ L.G,316L- 7 3.2,,2 2.432J.9-T3-./7 

3.JM 2.53,)

" --17-2,= "------- 2 ?-q-2_.7, 7 b_ .I F 4 .11,I-l -6 3.919 2.939u..b'?1_-, 
3 
-. . . . . .. ... ....... ..._.. .3823 11

______ 3.li3

* .:~1-Zo'.7115 3.5261. 92 + o ,' " . , 1 - t, .31. -.b5. 0.46 3.7t 6

1.4:Z . +CL b. b .76

.340l C701: . ,F +u .F+Co 2.63 1.952

.- 61 0.3259L-67 0.3127L-Z7 ';4. 1.9t53
2.b8 ~ 2.013

G.191 _ 31A,.5,_.. 2.7- ._-5 - + ,3..o--7 L. 4682F-27 2. 24 2.118
C- 2.915 2.187~ Z?x .b7LL-Z7 -_ '.b3.-^7 3.JC7 .5

.0. 5,31 C4 .L ,96)LE-17 J.9713---C7 3,Zj: ,b
1.457 2.530.033 2~ 7 .. .1 7 -6 1 225 -Z t 3.624 2.7t8

, 3.83S 2.876&. 766 P,675c2. I .1 .'-0. . 9i - '. 6d _____.c 3 1
4..272 j.2.,4C. 915 7 flj'?-7. 0.1 

7 3
%,.- t i.977L. -,6 4. 1?6 3.374. 5E3.4 39

u,
3
88 ~ O?tO7o[E .. O ot+UG 2.788 2..91• o .cI- C8 2 8.1 2,10 1

0,395 1"6.?C3. u._2 _ F-C7 ; 7j2 iZmo-37 2.819 2.113

0.4 71 315.5C00. C"28..GC-.7 1.2870 -w7 2. 9'.5 Z.2;9
7 .iJ 7~ - -2.981 2423t,U.4.51 32"?Dp.,. .727.-47 3.2o79E-7 3..17 2.2b2.3 ,V) L

- 
.7 37-7 , ;C---

0.4.83 ... . .? ... C.608.E-u7 O.E325L-07 7.126 2.34.q' Ti c; w-T' r. 7 .. .. .... .2, 71 2.445 3
0-.56 3o.075:2:. C.9'3 7 7

-0?7 O. '91 8L-07 .1.14 2.560
-- 3.,as 2.669J.615 k,. 17 1173c-Cb .1131.L- b 3,75t 2.817

J.791 -3... s127 E-.6 3.1I
2 5 

-Lo 4.117 3.088C -1-, 
4. 6e 3.126O.824. 3E8 r .t+o. .E+CD 4.219 3.lb4
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TABLE C-2. (CONTINUED)
Slr-C' iN. 4L.JL. :7- 1 ' ) Sf wW',-H= 6C.-6 . -6-T H I

SPLCI P.,,4 i-* _C , ' KT u 1, S', U
4  

I-UA' 3 STM.&SS RATIC0. 2 ,

BASIC LAT. A/ON 4ALk;ULATIUNS OAMAGL FARAMLTER
-1 -- -. TLVM--L T44L. PT. KlAx DELTA <
IN. vc- S S. 1 _ ,L r (P) "IIV.:IF¢.

. ... .. .. . 5 .781 2. 36

i.. 22 3.197
.. 670 1 , ,.,r.C L+WO -. 513 3.385

0. 327 E 2+ 5 t +cc 1.t062 Z.29?
419 1 C-.75 E 7-- --..-. 32.61 - -

J 7'3.7. 2.775
C. 523 1- 7'2 3 C.21t7c-Cb . 141.1-,5 3.17 2."13 5

.. 1IZ 3.127
0.6 + t .+72. t +c O . 0 4.+ . 2? 3.3 17

0.390 122550- .L'0 .1*00 3.35 2.516

C.479 c. b° .°1 q c,] 0.°1C 37 C6 3.739 2.SL4

G. 6c 4 , 7 7 +Z o r- + J 7 - .236 3.17 9

4. 531 3.398
0. 759 F+. +J 0 . 0 Ei £ +, L• 8 2,, 3..18

0.52' 122,,.-L. . *00 .L+a0 .9ZL 2.9,0

u.524, t, L + -+ b G.-L 97F -Zb 3.922 2.42

6 .. 2+71 3.?C3

lb S.lsF 3.OE9
_i,99O 1-2>?>X. C.i*O .F+ CO 5.697 4.273

SPECIMEN N.= AL-7-1-.25 YIELD STRENSTH= 54.. THIC<4ESS= 0.475 WI)IH= 4.*O4

0 . 3 5 6 6 0 0 0 i _ . . .. _+___ _ _ _ E_ _j0 -

0.9675F-06 6 .5 5'.. 9 ?

0.T375 8 00 a 0. 8889E-lb 1886eE-C6 6.658 4.q93
0.81COE-06 6.736 5.05?

0.391 10 0000. 0.10t9E-09 .13 19F-05 6.81. 5.113
0. 121?0-05 6.930 5. 19?

0.1.16 1 20COO. 4__ _ _ _ir S ,37Q - 7d6 5 ___ 525
0. 1 127E-05 7.179 5.385

0.4,45 1'.0000. 0.1561E-05 0.1561E-C5 7.313 5.48
0 1695E-05 7.16q 5.60?

0.1.78 160000, 0.178.E0-a5 0.178 4-15 7.625 5.719
0.1872E-C5 7.79s 5..5

0 1 _I O L 705 - -- -35- .

C.1715E-C5 8.121 6.03

0.550 ZO000. 0.?121E-05 0.212LE-05 5.215 6.207
0. >528E-05 8.5) 6. 3 17

0.601 220000. 0.274E-05 0.271IF-05 5.131 6.545
0.2955F-05 8.998 6.743

11 - A&2[I P 04 0 a a ~ ~ ~ 5 a6 i .I~ ,
0.405E-05 9.63. 7.226

0.74,0 250000. 0.427?E0-0; 0.4.54 -05 1003 3
0.4570C-35 10.230 7.673

0.788 210009. 0.579E-05 0.5308z-05 10.45q 1.8.1
C.62 2-05 11.05 3 8.31 ?

C.77.1.0-05 1?.Z?b 9.164
1.009 302300. .0O0 .C+00 12.7,4 9.556

S0+. - --0_0, ._00 .. . 9 Z. I-_
0 *1?75E-06 6.651 4.935

0.385 80009. 0.11WE-09 0,118?'-05 6.751 5.063
0. 143 0- 05 6.S51 5.166

0.11 lo 10cco. 0.1365E-05 0.1365'-05 7.024 5.265
0.1293P-05 7.1456 5.353
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TABLE C-2. (CONTINUED)

SASIC 14TA DA/3N CALCJLATIONS 04-4;E PARAMETER
A S I-PLE H TOrE -T. K4& DELTA K

IN. CyCLFS SLOPEII SLOPE(PI DIV. )I
r r

.

0.51-E- -. 5 0 5 - 2 5 5. 43
V. 7.4.3Q 5.7

0. 477 4'0033. 0. ?DO1E-35 C.2301-35 7. 611 5.7.
.21?7 - Z5 7. 935 5.1'

0.52) 150:1i. 0.2234E-c5 0.2?C4rE-:5 7.939 5.93
.2213:-CS 8.236 6.153

3.27 15E-05 8.6;5 6.431
0.619 zCCol. 0.3 3E-Z5 0.303CE-^5 8.53: 6.675

r. 31L.5- 05 9.?36 6 .9G3
0.6S6 ?2c32. 01.34E-0 5 9.57 7.131

0.5 9.93. 0.1.E-5 Q E-5 31.55 7
* 1 50- I0 13.17E 13.2?
b..915 E0 5 1..5976 .5 .

0.?0.71725 E.15 5.7:;

*1 ?- 5 ;12 77 .357
0.932 ?7:C: . 0.1133E-34 0.131ir--Cl. 12.554 3.915

12. - 1 135 13. 6?
I.243 z9c : . .E2 .+.Z+ 15.53. L. 2 -

360. -- 5 .0 0- -6 - - - - ,5 5 __ 4__ 8..74
r.116D-05 6.539. 4.96-

3.178 I0.43. 33 E-OS 3.30:2:-c6 6.653 5.1?

.3637 0c .3- 6? 6.7t'. 11.83

. i.c"-fq 6.Q59 5.221

0S(2057.24? 5.663
0.668 1'.Z. 0.1 39 -5 .141 -4 5 7.532 5.64,

- 335CF-cr, .5, 5.671

0.579 16: :, 0.112:0-15 3.?1:17-35 7.532 5.63.

" E1' 5-Cs 76 . 5.1
0.512 15112 0.36- c.1W-5 7.:432? 5: .3

C . 128 -'5 S. 126 5.L

?91115--?5-S.31 6.2
C.613 "2C.21272 .31?5---5 5.54, 6.53)

33, 2E-C ̂  .141 6567
0 .651 ? c22 .3fl,7r15 3 .35 A7- - 5 3*'.7 7. C5 5

2 . 4' 3H- " 9. 1 7. 3

0.76? 762:33. .4?-E-J5 :.-41:E-:5 11.13'. 7.66

:.0.5?- ; 11.3?l S.Cis

C.I I1677-, 1.013 .835
0.3s 1.97?

C.7?S71 .5! 6.3.1
I.41 123:12. 0.:-3 1.l2-: 3.. 5. 3

a,.777C 14AL- - __5Da.1:a_+ :

1 60 15- C5 6.3i2?. 5.6?
0.3.67 16322. 3.91?E:-Ob J.12F-:5 b.553 4.567

a.6272 7.530. 3' 3.753,-I. 5 .c52
A. 333 12. 0. 121E-C; 0. 1 ?31-E5 U.66 -ii

c .16-5c 7. 031 5.2513
0.5193 2123I. I. 13IIE-0; . 1366?5 7.3?37 5 .94

:.21:k2E- Cs 7. 32 s 6.1s
0.5654 223221. 2.12327-2 5 : t? C. 5 7 .643 5 .3125

.2E- ' 7.673 5 . E5

0.2 519 2c I1. 2335.-2 3 .15 7. 33 7 5. 935

C.6 zzi, 35351?-C3 8.411 6.61)

0.702 ?51::;. 3.4117E-:5 :..s-s9.6?3 7.22?
7 Z59 . ,.7 7. 3 i

0. 747 ? 7 c i. 0. 5 3 2: : E 5 E-35 1 z. : 57.5
c.c7c-5 1 3.5 7.956

a.a5q z9o:c-:. 2.6133E-:5 .53-5 1.5

0.9#46 3:2!:;. .2 .221?.051 3.13s
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TABLE C-3. FATIGUE-CRACK-PROPAGATION DATA FOR 7075-T7351 AT R = 0.100

SPECIM14 NO.= AL-2-1-.1 YIcLD STRENGTH= EO.46 THICKNESSr 0.5CO WIDTH= f.000

SPCLIMtN TYP=CC. IAXIMUPI SIRSS Ck LOAD= 4.LO0 STRLSS RATIC- .100

OASIC DATA QA/DN CALCULATIONS OAMAGE PARAMETEk
A N SIMPLE SIMFLE THkEf PT. KMAX DELTA K

IN. CYCLES SLOPt A) SLOPE(P) DIV.DIfF.

0E317 ,GE'O ,E+co 4.021 3.619
L.2723L-C6 4.3k3 3.927

0.43L 411700. 0.29u'.E-06 J.4218L-c6 4.765 4.234
0.441jOL-06 4.7(8 4.291

0.451 4617GO. 0.6098E-0E 6.4824E-C6 4.830 4.347
4.1522L-06 5.183 4.665

0.
5
8Z 6617G. U.7285E-06 0.9063L-06 5.536 4.982

0.9825t-C6 5.688 5.119
0.641 721701. 0.1150E-C5 0.1183E-C5 5.839 5.255

6.13E1L-35 6.01c 5.409
0.768 771700. C.1748E-05 C.178(-c5 6.186 5.562

C. 2145t -C5 b.445 5.800
0.81b 821700. 3. 270E-05 C.2870L-05 6.71it 6.C39

ko.3596E- 5 7.152 b.437
0.995 87170c. L . 4943E-05 .49142-C5 7.594 6.834

6.628
9
t-05 8.407 7.F66

1.310 92170C. 0.11G4E-C. 0.110-t-04 9.221 8.299
&.158L-C. 1,2.225 1l.CLE

2.18 9170C. E+.00 L+aol 15.23b 13.712

0.316 E .+00 .E+00 4.015 3.614
I1446L-06 4.212 1.782

0.376 411700. 3.1898E-C6 0.5168E-46 4,389 3.950
0.5620t-06 4.473 4.02b

0.4G4 461700. a.3770E-06 C.5158-06 4.557 -1 1
U.33Ggf-06 4.746 4.272

J.47 661700. 0.3CC8E-06 0.Z308E-t,6 4.936 4.442
u.2008L-C6 4.969 4.472

0.482 7217 8. 0.29!5E-G6 C.3144E-0 5.0C3 4.50Z
.093E-C6 5.59 4.553

0.503 771700. 0.4960E-Cl 0. 498CE-06 5.115 4.603
6.5d7oL-C6 5.194 .b75

0.532 82171o. 0.5530E-cc '.553CL- 6 5.273 4.746
'.5190L-G6 5.342 4.808

0.558 871710. 0.474E-Cf 6. 47,CL-46 5.11 4.870
C..29L-06 5.4E7 4.921

3.58 9e1700. 0.621CE-06 3.621OL-UE 5.52. 4.971
L.81301-u6 5.629 5.C66

0.620 971701. E*.0 .+.0 5.73. 5.1bC

0.316 , .E+60 .1f0 4.010 3.6C9
0.1562L-L6 4.211 3.793

U.380 411700. 0.200 0-C6 0.5181L-C6 4.413 3.971
6.562CL-06 4.496 4.0t7

.48 46170U. 0.3776E-Cl .51S59E-c 4.580 4.1?2
0.J315t-G6 4.769 4.292

0.47. b61700. 0.3471E-Ob 0.3836L-06 4.958 4.462
C.3992L-06 5.C?4 4.522

0.498 7217... J.3977E-G6 u.3974L-Ot 5.3q9 4.!81
C,3960(-L6 5.144 4.630

0.518 7717OC, 6.4515E-1b 0.4515L-06 5.198 4.678
0.507Ct-06 5.266 4.739

8.543 821700. 0.5173E-06 L.5170E-ut 5.333 4.80
0.527LL-06 5.-C3 4.1 3

L.570 871700. 0.591 E-L6 8.5910E-OE 5.473 4.905
C.65511-06 5.553 5.102

.613 9/170J. 0.6725E-06 J.(725L-C6 5.63 5.C79
u.69OCL-06 5.731 5.153

0.637 971710. ,E+&C .L+,L 5.82C 5.238

0.317 E +C*O0 ,LoO 4.023 3.b18
L.1938L-06 4.267 3.841

0.397 411701. 0.2C11E-c6 0.3277E-06 4.515 4.0,3
0.344Gt-16 4.565 4.109

U.41, 46170. 0.462E-C6 .3595C-C6 4.616 .154
L.4218L-06 4.854 1.368

J.499 661708. 3.4313ECb L.47L4t-L6 5.092 4.562
C.485CL-Gb 5.17 4.653

0.528 721700. 0.5473E-06 0.5597t-06 .249 4.724
Ia,6220i-C 5.332 4.799
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TABLE C-3. (CONTINUED)

BASIC DATA DA/DN CALCULATIONS DAMAGE PARAMLTEP
A N SIMPLE SIMPLE THREE FT. KMAX DELTA K

IN. CYCLES SLOPLIAI SLOPL(P) DIV.OIFF.

0.559 771701. 0.71406-16 C.714OL-L6 5.414 4.873
0.8060L-06 5.520 4.968

0.599 821700. 0.8085E-L6 C.8085E-.6 5.625 5.062
C.811LE-C 6 5.729 5.156

0.64u 87170L. 0.9875-166 0.9875t-66 5.833 5.250
0.1164L-L5 5.98C 5.382

O.E96 921700. 0.1234E-05 0.12341-C5 E.126 5.514
Q.1

3
LSL-,5 6.288 5.660

0.763 971701. .E+00 .E+00 6.451 5.805

SPECIMEN NO.= AL-5-1-.1 YIELD STRENGTH= 66.47 THICKNESS= 0.475 WIDTH= 6.000
SPECIMEN TYPEzCC, PAXIMUM STRESS OR LOAD= 5.5C0 STRESS RATIO- 0.100

0.313 72500. *E+00 .E+00 5.491 4.9420.7006E-07 
5.494 4.945

0.314 82500. 0.1250E-07 0.1250E-07 5.497 4.947
-.. 500E-07 5.495 4.946

0.313 92500. 0.9250E-07 0.9250-G7 5.493 4.944
0.2300E-06 5.513 4.953

036 150.0.485DE-C6_ C. li8501E-06- 5.514 4.962
0.74G0E-06 5.547 4.992

0.323 112S1C. 0.6575-06 0.6575E-06 5.580 5.022
0.5750E-U" 5.6C5 5.C45

0.329 122500. J.6450E-C6 0.6450E-C6 5.631 5.C68
0.71501-C6 5.6E2 5.096

0.336 132500. 0.520CE-06 0.520LE-06 5.693 5.124
0.3250E-06 5.708 5.137

0.339 142500. 0.6625E-DE 0.66256-06 5.722 5.150
1.0000E-06 5.765 5.188

0.349 152500. 0.8150E-C6 0.81S0E-06 5.8(8 5.227
0.63C0L-06 5.835 5.252

0356LC .--... 0.9700E-C6. 0.9760E-C6 _ 5.62 5.276
0.1310E-05 5.918 5.326

0.369 172500. 0.9975E-CD 0.9975E-C6 5.973 5.376
0.6850L-66 6.uC2 5.402

0.376 182500. 0.730E-06 0.7300E-06 6.030 5.427
0.7750E-06 6.0E3 5.456

0.383 192500. 0.970CE-06 0.9700-06 __ 6.095 5.485
0.1165E-5 6.143 5.529

0.395 2020E0. 0.1412E-05 0.14121-05 6.191 5.572
0.1660L-J5 6.258 5.632

0.412 212500. 0.142CE-G5 0.1420E-45 6.325 5.693
0.1180-05 6.373 5.735

0.423 222500. 0.1652E-E5 0.1652L-C5 6.42C 5.778
C.2125E-05 6.5(4 5.853

0.445 232500. 0.1820E-05 0.1820F-05 6.567 5.929
0.1515E-05 6.646 5.982

0.460 242500. 0.135CE-05 0.1350t-05 6.7C5 6.L35
0.1185-C5 6.761 6.076

0.472 252500. 0.1748E-0 0.1
7
4
8
L-65 E.7 9t 6.117

0.2310L-05 6.864 6.196
0.495 262500. 0.231rE-C5 0.2315E-15 6.972 6.274

0.2320L-05 7.058 6.352
0.518 2725JO. 0.1951E-GS 0.195CL-L5 7.145 6.431

4.1560E-05 7.2c3 6.483
§,53 282530. 0.2243E-05 0.2?43E-05 7.26? 6.S 3t

0.29o5E-05 7.368 6.631
0.563 292500. 0.2790E-C5 u.2790L-05 7.473 6.726

0.2675E-C5 7.570 6.813
0.589 302500. 0.30CE-L5 0.30G0-C5 7.666 6.899

0.3325E-C5 7.784 7.CC5
0.623 312500. 0.35G5E-C5 0.3505E-Z5 7.901 7.111

0.368SE-05 8,030 7.227
0.660 322500. ..... 0.3918L-05 0.3917-05 8.159 7,343

6.8150E-L5 8.303 7.472
0.701 332500. 0.4183E-0 0.4183E-15 8.446 7.601

0.4215E-C5 8.59C 7.731
0.743 342500. 0.4686E-05 0.5392L-05 8.734 7.861

0.5862E-05 8.814 7.933
0.767 346500. .. .... , E.0 ..... 8-894 8.oc5
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TABLE C-3. (CONTINUED)

BASIC DATA DA/ON CALCULATIONS DAMAGE PARAM(TEF

A N SIMPLE SIPPLE THREE PT. KMAX DELIA K

IN. CYCLES SLOPE(A) SLOPE(P) DIV.DIFF.

j.050-- 72500._,+O ___ EO 5.813 5.231
0.1930E-05 5.894 5.305

0.369 82500. 0.1628E-05 0.1628E-05 5.976 5.379

0.1325E-05 6.032 5..29

0.382 92500. 0.1297E-05 0.1297E-05 6.J87 5.478

0.1270E-05 6.139 5.
5
c5

0.395 _ 102500. 0.1432E-C5 0.1432E-05 6.192 5.572

0.i595E-05 E.256 5.E31

0.411 112500. 0.1560E-05 0.1560E°G5 6.321 5.689

0.1525E-C5 6.382 5.744

0.426 122500. 0.157CE-05 0.1570E-05 6.443 5.799

0.1615E-05 6.5L7 5.e5b

O.4? 132500. 0.1995E-05 0.1995L-C5 6.570 5.913

0.2375E-C5 6.662 5.996

0.466 142503. 0.1798E-05 0.1798E-05 6.754 6.C79

0.1220E-05 6.801 6.121

0.478 152500. 0.1775E-05 0.1775E-05 6.848 6.163

0.23301-C5 6.93b 0.242

0.502 162500. 0.2327E-05 0.2327E-05 7.C24 6.321

0.2325E-C5 7.11c 6.3%9

0.525 172500. 0.2190-05 0.2190E-05 7.197 6.477

0.2055E-05 7.272 6.545

0.545 182500. 0.2435E-05 0.2435E-C5 7.348 6.6:3

0.2815E-05 7.450 6.705

0.57. 192500. 0.27E8E-05 3.27E8E-05 7.5'2 6.797

J.2720f-G5 7.649 6.864

0.601 02F0O. 0.315E-05 0.3105t-U5 7.74b 6.972

0.3490E-05 7.869 I.C82

0.636 212500. 0.3417E-C5 0.3417L-05 7.992 7.193

0.3345E-05 8.109 7.298

0.669 222500. 0.3473E-05 0.3473E-G5 8.21b 7.403

L.3600L-05 8.35L 7.515

0.705 232500. 0.3918E-15 0.3917E-05 8.474 7.627

C.4235E-05 8.619 7.757

0.74? 24250Q. 0.4532E-G5 0.4532E-05 8.7(3 7.8P7

0.4830E-05 8.927 8.C35

0.796 252500. 0.5070E-05 0.5070L-05 9.091 8.182

C.5310[-&5 9.270 8.343

0.649 262509. 0.5852E-C5 0.5832E-05 9,.% 8.505

0.63951-05 9.6(5 5.699

0.913 272500. 0.7033L-05 0.7L33L-5 9.881 8.693

0.7670E-L5 10.141 9.127

0.989 282500. C.8107E-05 0.81L7E-C5 10.4(0 9.3E0

C.8545-05 10.654 9.b24

I.175 292500. 0.9EE2E-C5 0.9662[-LS 10.987 9.886

&.1078E-04 11.3C6 10.229

1.183 302500. G.1216[-04 0.1216t-16 11.?5 i0.57C

0.1354E-C 12.242 11.C18

1.318 312500. 0.1530E-64 0.1530L-4 12.7L3 11.14(

E.1707C-04 13.419 !2.077

1.489 322500. 0.2098E-04 ___0.2098L-04_ 14.098 12.68f

0.2489E-04 15.246 13.721

1.738 332503. 0.3338E-04 0.3338-04 16.393 14.754

0.4188E-04 19.136 17.222

2.157 342500. .E400 .E+00 21.879 19.691

0.352 72500. .E+00 .. 0 5.829 5.246

0.1380L-05 5.888 5.299

0.366 82500. 0.9725E-06 0.9725E-06 5.947 5.352

0.5650E-06 5.970 5.373

0.371 92500. 0.8800L-06 0.880c(-16 5.994 5.395

0.1195E-C5 6.044 5.439

0.383 102500. 0.1165E-05 0.1165L-05 b.094 5.464

0.11351-05 6.140 5.526

0.394 112500. 0.84501-06 0.8450E-0b 6.187 5.5b8

0.5550E-06 1.210 5.589

0.460 122500. 0.5675E-06 0.5675E-16 6.232 5.619

6.5800L-06 6.256 5.630

9,406 . . 132500. 0.5075E-06 0.5C75E-16 b.279 5.651

0.4350E-06 6.297 5.6E7

0.4i 14250]. 0.8900E-06 6.890(1-06 6.315 5.683

0.1345i-05 6.318 5.732
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TABLE C-3. (CONTINUED)

BASIC OATA OA/ON CALCULATIONS OAMAGE PARAMETER
A N SIt'PLE SIPPLE THREE FT. KMAX DELTA K

IN. CYCLES SLOPE(A) SLCPE(P) DIV.DIFF.

0.424 1525CO. 0.9300E-06 0.9300[-06 6.22 5.7e0
0.5150E-06 6.443 5.7S8

_ 0 162500. 0.6450[-C6 0.6450E-06 t.4;3 5.817
0.775CE-06 6.494 5.844

0.437 172500. 0.5525E-06 0.5525E-06 6.524 5.872
0.4330 CE-6 6.537 5.8840.44G 182500. 0.6375E-06 0.6375-6 6.5s 5.8S5
0.9450E-06 6.58? 5.9280.449 192503. 0.1138E-05 0.1138E-C5 

6
.624 5.9E2

0.1330-C5 E.676 6.&08
0.463 23250J. 0.9475E-CE 0.9475L-.E b.727 6.CS4

0.5041-6 6.749 6.074
0.68 212500. 0.1285E-L5 6.128SE-,5 6.771 6.C -4

.. 202SE-25 6.841 6.162
0..8 0 0.1403E-05 .1403E-65 6.93 6.231
6.8tO32-O6 6.9S4 6.258

790 2025005 0.1270E-C5 0.127Ct-05 e.984 6.2t5
0.1720C-05 7.349 6.34.

0,514 2425E 0.165E- 5 C.IE55L-C5 7.114 6.4L2
C.157CE-05 7.172 6.4559.529 2525C0. 0.1663E-C5 C.16E3E-15 7.230 6.56?
0.10552-65 7.29. 6.55.547 2625C 3.1885E-C5 0,1885t-25 7.359 6:E23

0.2015L-05 7:432 6,6890.567 2725076 07605E-C5 6.7bC5L-L5 7.5C5 6.754
0,132O6-6k 7.9E8 7.172Qq699 262513. E02513E-G5 0.2513E-c5 8.432 7.589
0.8170-75 8.148 7.333

0.617 2325C0. -. 2763E-05 -. 2763E-5 7.8E3 7.L77
0.2645E-,5 7.96 7.1610.644 3

32ECL. 0.31C7E-C5 0.31L7E-05 8.49 7Z.4
0.35701-05 8.173 7.356
0.39 3125L0. C.3383E-CF C.3383E-C5 8.297 7.4E8
0.31952-25 8.4C7 7.566

0.711 322500. 0.3E10E-05 0.361 Ct -O5 8.517 7.6t5

0 42E C5 6:65 5 7.7a90.752 332500. 0.4347E-C 0.4347E- 5 8,792 7.913
0.467CE-C5 ,.950 8.0550.798 34250C. 6.4289E-05 0.3718E-&5 9,169 8.198
0,3337E-05 9.154 82380.812 346500. 0E+00 _ O0 .9,199 8.279

0.316 72500. E+CO E6.LO S.52C 4.9E8
-. 400CE-07 5°518 4,96E0.316 $2500. -. 275CE-C7 -. 275CE-07 5,51t 4,9E4
-. 15GOE-07 5.515 4.964

0.316 92500. 0-50-6 0.32006-06 0.32COL-06 5.1 4.963
0.65506-06 5.544 4. 9890C322 102500. 0.5200E-06 0.52COE-C6 5.573 5.C16
0.38506-06 5.590 5,0310.326 11250J. 0.9075E-CE 0.92756-06 5.607 50.67
0.1430E-05 5.67 5.1030.341 122500. 0.8375E-06 0.8375E-06 5.733 5.159
6.24501-06 5.743 5.169-. 343 1325JO. 0.6550E-06 05500-16 5. 754 5.178
0.1065L-05 5.8Cc 5.220

0.354 142506. 0.8275E-3t 0.8275L-0 5.646 5.2E1
0.59CCE-06 5.871 5.28.0.360 152500. 0.6525E-06 G.E525E-6 5.891 5.3C6
G7150-L 5.926 5.3330.367 1625,0. 0.802SE-C6 0.8025L-OE 5.956 5.3EI
0.36072-G6 5.994 5.3940.376 172510 * .7700E-06 0. 77 OE-06 6,u31 54 28
0.650CE-C6 6.358 5.452

0.382 1825;. 0.7250E-Cb 0.725LL-a 6., 5.17t
0 180006-66 6.lid 5sC60.390 153E. 0.7225E-36 0.722't-o6 6.15. 5.536
0.64522-C. 6.177 5.5u30.396 202533. 0.8525E-1E 0.8525E-CE 6.26, 5.53
0.106.5-15 6.247 5.220.407 212500. 0.830LE-OE 0,83'.C-15 1,290 50361
0.606OE-C6 6.314 5.Eb30.413 222500. 0..048E-5 0.1646E-25 6.338 5.7L4
0,1495-C5 6.398 5.758
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TABLE C-3. (CONTINUED)

BASIC DATA DA/DN CALCULATIONS DAMAGE PARAMETtR
A SIMPLE SIMFLE THREL FT. KMAX DELTA K

IN. CYCLES SLOPE(Al SLOPE(P) DIV.DIFF.

0.428 232500. Z.1358E-C5 0.1358E-05 6..58 5.81Z
C.122OL-G5 b.506 5.855

0.40 24.2503. 0.1245L-05 0.12L.E-05 6.55. 5.e8
0.1270t-05 C.6C3 5.943

0.453 252503. 0.1125E-C5 0.1125L-65 E.L53 5.98
0.98CLE-06 6.691 t.

0.63 26250L. 0.1565E-C5 0.1565E-G5 6.72, 6.clb
0.2150-L5 6.811 6.130

0.484 272506. 0.2153E-C5 1.2153L-Z5 6.8(3 6.?04
0.2155E-05 6.97. 6.Z77

0.506 2825J0. 0.1413.-CS 0.1.73E- ' 7.-55 6.310
3.

7 9
COt-06 7.085 6.37f

0.51. 292501. 0.1388E-C5 0.138E-CE 7.11. 6.4L3
L.1965E-Cs 7.186 6.4(9

0.,3. 302560. 0.2202E-05 C.22G2t-L5 7.261 6.535
6.212OL-C5 7.3L9 6.(14

0.558 3125a;. J.3135f-15 0.3135k-E5 7.43 8 6.-'
0.385CL-15 7.57 6.818

0.596 ... 322500. 0.3765E_-G 0.37,5E-05 7.714 6.943
0.3680L-05 7.844 7.OLO

0.633 332500. 0.4O05E-C5 0.40CSE-C5 7.97. 7.177
0.4330E-05 8.125 7.313

0.676 342500. 0.4529E-C5 0.4826L-05 8.27o 7.448
0.5025E-05 8.345 7.511

6E001 8.414 7.573
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TABLE C-4. FATIGUE-CRACK-PROPAGATION DATA FOR 7475-T7351 AT R = 0.500

SPFCIME" Nl.= AL-4-0-. VIrLl TpjrTH= 57.00 T'IC<NESS= 0.530 wiTTHr E-

SPECIMFN TYP=r.C, MAKIM'IM STDPS OR LO4= 3.000 STRFSS RATIO= 0.500

9)ASIC _D
A t A  

OA/DN rALCULATIONS DAMAGE PARAMETER
AN S PLF SIMPLE THREE PT.- KMAX DELTA K

IN. 'Y^LFS .SLOPE(AI SLOPF(P) OIV. DIFF.

0.14' 41??r7on. .E+00 .1+0O 3.1462 ___1.731

C. 11.2C-07 36917.
0.27 _ 4?090000. 0_-3.3363E- 7 O.?364E-07 3.516 1,758

3.678 t.839
0.51. 38005. .5l1~E07 0.6374E1-07 3.8140 1.92D

0. 74'9F-07 3.985 1.993
0.57? 4410000. O.8 '40F-D7 0-822?.E-07 (.:131 2.065

C.11I35r'. 47 :305 2.152
0.667 4506000O. O.-t3QE-O7 0.AS25E-07 4. 78 2.239

6,5 EG .629 2.311.

0.747 4670CO-1. 0.7t2E-07 C.q537E-07 4.779 2.389

C.1072E-06 4.977 2.488
0.854 7?7qV303. 0.1173E-06 O.t74E-06 5.175 2.587

%-1?275E-0 5.C60 2.7I
0.951 tA?lC0c. .073-6 0.14.711-06 5.6430 2.620

.170.16RE-C6 5.95'. 2.977
1.11.7 1 l000. 0.170 -0 , 0.1725F-06 6.?6q 3.135

C.17F6E-C6 6.52C 3.Z60
1.275 q0003. .F+00 .E+00 6.771 3.385

0.38q 41270CO1. .FOO0 .E+00 3.352 1.675
C., 33451- C7 3.1.17 - -ff

0.411 '?00003. 0.4253E-07 0.379?F-07 3..53 .L71
C.F . 5E -07 3.65q 1.8?9

0.502 C10CIS. 0.3767E-07 0.314iE-C? 3.833 1.Q17
C.,2173F-E7 3.876 1.938

0.523 '4 R3 333. _ 0.1573E-07 3.3545E-7 __ 3.q19 1.q6O
C .qr5E-C 4- .018- -2 0C9-

0.5C71 3 4;lcooo. 0. 2,RF5E-Ca 0.7W-C? 4 :116 2.05 8
*r rlIC- 8.1?7 2.064

O.Siq 4;17QV3.J 1.36,1.F-07 0.34.73F-07 4.131 2.1,63
C .655-7 4.265 2.131

0.644 4.732c:C?. 0.6814F-07 1.651ir-07 4.19? Z.196
77217E- C7 4.527 2.263

0 .716 4, 1 i c C. 0.'1435E-C7 0. S4 2---07 4.651 2.31
C6r. -C .440 2.1.20

D.q12 4q7qCC. 0.1C32F-0;3 O.11E-G5 5.01q 2.509
C I* 1 4lF- 0C. 5.15A 2.579

0.W 8 I 0 0 50313 31.13331- i 0.11521-06 F _ 5.298 .6.3
5. 7681 2.8A1.

1.160 C?OoCl. .E+ CD ..F+CO .23q 3.119

o.3q2 41'>20031 .E400 .FOO0 3.355 1.683
C.3709E-C7 C 3.4A- 1.719

0.1.25 4?3qO3C0. 0.?771E-07 0.3?99E-C7 3.511 1.755
. 2 71.- 0 7 - - --. .3.597 . . 79.9. -

0.1466 41.00O 0. 2471F-07 0.2537F-07 3.614 1.842
',7O.?9 7F0C- 0.6311-07 0.15661-07 3.742 1.71

3 . 44 4 , 96 -07 .46FC 3. 7 99 i.900
0. ,I'OE-C7 2F.9,

0.557 '.0400 0 . 0.53831-07 0.5312E-07 4.054 2.027
C. 1-3 A6F--r 7 .134. ?.067

0.594 ';790003. 0.65qE-G 0.6312E-07 4.714 2.107
C *. 4C 5C- 07 4.374 2 .18 1

0.682 477q03. 0.95%5F-37 0.0597E-C7 4.53r 2.?67
7.17q116 4 ?4.733 i.367

0.788 ""7'8CC3. "*171 6 0.*107A1-0b 0.137qE-C6 4.932 2.66
117 F- -r 65.131 2.565

0.96 Va" Corl. 0 -1111 F-06 0. 12?0F-C6 S.329 2.665
C . 2? C6 5.505 2.752

0.9q 9' l10003. 0.15.51F-0, 0.1374F-06 5.681 2.810
F. 15r?F- C6 6 -?T 0 -i -16 T

1.'67 ? 30Cocl. .E+OC .F00 6.2'0 3.360

0.398 61220003. .1#00 .F100 3.341 1.696
G.13F-07 3.1.46 1o713

0.414 4'010OO. 0.523E-0? 0,?t54E-C7 3.461 1.730
C .572E - 07 3.571 1.785

0.465 41800300 0 .. .1 E- 07 . 0-07 3.681 1.840
C.41?2E-07 3.764 1.882
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TABLE C-4. (CONTINUED)

BASIC DATA nA/DlN CALCULATIONS DAMAGE PA?AMFTEIP
A - I SIMPLF SI4PLE T4PFE PT. KMAX DELTA K

IN. t', L'' SLOPE A3 _ SLOPE(P) 'IV. 0 I FF.

0.506 400;3 10. 0.907F-07 0. 'q1-07 3. 8 1.97.

0. C1 1 416 1; 3.00 1.911 .?3Eo 0 32F0

0 . 2 1 ; 6 ? f , 7 4 1 0 0 . 0. ? 9 3 2 C - 0 7 0. 39z 76-0 7 3 . 9 4 61.?0. 424 7F0- 07 3. 0,4 .0 3
0.56? t.679307. T O. '27F-O 0..10T9-07 C. 4A ?.0cq

3.611 477403',. 0.6,13F-07 0. 6,?.r-c? 4.291 - 2.14,S
5 . 76 7r- 07 14.4362.2 1

0 . 6q 4 1 .0T3 3 . . R 1 E- 0 7 0. P'. ?r0T7 4.5 0 .9
1. .86 7517 c0. 3.99VE-07 0. 10 ?1 -06 4. 9?t ?.461

0. .1 004- n6 5.0673. 861 33 50013. 0.17566-36 0.1159 -06 __ 5.?12 2.6.06

3 2 E- C 5.651.2.A2
1 .10? '03. C,C E#07 C F*00 6.096 3.0 45

S Pr Ci N .O . -0A- -.
r 

vL- T .'3
: 

- 7. T H C CKNS .S -F25 WI3TH= 4 OEC
SPIrC I't TY 7L. '-3X 'il ~ S 1" LC'r Vt 'V~C4Tl...'

C.322 r3'r, ,E'J 0 L +00 S.617 2.8 C
.22 3 -:6 5.627 2,813

0.324 5 0 0, C.322. , t - f ).?27O!L-26__ 5.637 2.819
E.671 2.836

____-6 L . 2 F. 7,( 2.8053

0.3,3 153.!. o14,'-
:  

_ 2.21433-3, 5.81 2.926

9cl~ 2.9290.363 ±ZC.cr, C,32.12E-C 6 1, "63,J -3 6 6.91 .95'

,-.3''6- 26 5.99. 2.997
C.37! 22."r-

56.,1 3.053

-59^2r,J 3.053
C. 376 17 : r , 1,131 IF--: 6 3. Ct ,7- .1 ... . 3 7

, .1JF ] " I t37 3 0 q3

1,93V 171 
-  

C.182%-36 .32f 3.137

0.11 7 _. . . . C.3.7--1 .
2 3 3

7z-36 F..33 .21
-.2'-5- 36 .546 3.274

0.41 5 r32 2 1; !,E-l t p.595 _6 E 6. 6k 3. 33 1
G. 76P 3.304.4 67 67 J,:O. . ... . C.2!q -C - . 2390E-Ct, k, . 3., 7

___ 7 - .^E I - 
- 7. 6 3.533

0.312 - 3, ,3 _______t +00 5.52E 2.763
1.5.;, p -. 5'1 2.776

. .. .. . - _ t . .. .. .. . .5 E, - ct C Z O .C, 925:- 6 5.5 77 ?.7P'
3075t- 36 5.611 2 .8.7

0.3 25 ..... --...... . . _ 22' Or -C 6 C. ?
2 0

6L- 6 . .6 2.825

'?.b07

0.32 '. 77
r  

2.5A7
- O'31'. 13303 C. 1?'

3  
r. I i75L 6 9.0?- 2.912

1 .1' ~6 6 2.9?.
-0. '52 12Z iJ r221 F-,f F 3 '6 .9", 2.9.;

I -.--, 6'. 2.982
367 ?'Zt ____2>-' 65-6 c.' .1

'F11 i.256
0.30 5 3 _uX J.1 114'-Ct J1~,'2 6.1 3.396

P 4) :-- 6 F 6.270 3.139

.205F
" 

1 b '4,' 3.22,

- -- - " c °167 3, ? 7

. 447 6i u ". °2'7 '.-- 2.77--'b 6. 72E 3. (- 3

.474. -* %*2: . ; 6.95. 3. 77

0. 326 F__ , ,E% " ,F.CC 5. 657 2.8
? 6 5.67. 2.835

C. 329 .... 0 , .. . . C .?f_7E-L c 3. - 6 - 5.682 . . . 2
I ,1 q71-6 7 7{1 2.651

_ .2'' . . . .. . 2? 
, 

- 0.2,2,53L- 6 1.710 2.A6C
*2 E- 8C e.772 2.886
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TABLE C-4. (CONTINUED)
BASIC DATA OA/lON CALCULATIONS DAMAGE PAPAMETLQ_A N SIMPLE IMPLE THREE PT. KMAX DELTA KIN. CYCLE SL (A) SLOPv(PA OIPE(pV.D_FF.

S.i?42.916

-- 5.5 91 Z.9 46.

0. 14 -& 0&w .2m 2 11, 0G L, b Ci- 6 5, qcc 2.980

q . . . . ... !.66; -t -"- 99: L . ... . . .. ..
6.0 17 3, c 90.379 .2:- 6'- b -.C77 3.039

21 6 6.3 315
... .. .265 -C f.322 3.ftl

. o3, F .6. 3.2303 ' . . ' - c 6 C. 21 L-16 F.5 A.299

0.42 5,"6.641 3.3200.4'.? 5 r.7. C. 1 i ,J- C 171-6 F. 68' 3.3 .2
.-466 67-.72.. 6,C?87 3o393

". 6 B'-t n 2627z.-6 F.8 q
c

3: 4

495 .orp3.5C'.-- 7'5---_ .. *.. 7.127 3.563.. .. ... . '' .. . ,: O .F+30 7,I. 32, 2

S. 6"t Z6 5.635 2.818
0.32'. __5 C ]. _ _________ 0,5108E-' __ T, 6 6 7  2,833

S .1- 2E-C6 5.6e1 4-0. 330 7!'Ofo .,7636'.5F ~.19€.9s.6 ,6 2.847

6.34S r 5.765 2.883u345 122 C v, 6 2 5 75r-E 6 C.2575E-Co0 5. 53F 2.918

01 356L 17-r65.883 2.9410.5 ___ 6 .2141.1 G-.6 -- C .2 1 C E -- 06 5.929 9b _ 295
037 22L 21 6 !., 979 2.9593 .3 . .. .... .. . - 6. . .. 2 6, 28 3.0143.19cL :- 26 6.0 73 3.0 36

u. 7? 27Cu, ^?3AF-Z6 0. 2107L-16 6.117 3.058
-3.C15 8

"0ut- -0 L. 3.2'.440-;6 f.23' 3.115

-A - 42 ': 6 7. 6. 41,Z 3.221
_ 6. 5L2 3.271

6.65,. 3.327
r.-F2-F-CL 2? P,--6 .767 3. 3 P3

. 7 .. .O'4 7 b A7,rn.. C.26 b 2. 626E-C6 6. 97C 3.485

-, 54437'..? 7.;8at - 3.54 .
3.~~~~L 53 -___C* P, 7.257 3.6C 3

SP.CIrN NO.t AL-Gcr-1-.5 YT-Lr STrNIrH= 57.,C THICKfrSS= ?r8  w )TH= 4. c00
§PFCI'FN 'Y'<i=(f M i-llm"'JM ZrSC J' LCAr= 8.C'C STREqS qATIG= 0.5^22. 6'3 C,C, . E +Or .E+Z& 11.674 5.837

0. -,. 95L-C5 5 11.939 5.9b9-0.6'.? 83.f.C ,C , 0. 3 57 F-. 0.5718'-35 12. 2C3 -6.1--2
-{"F''512,397 6.198

0.679 ___ --. . 945 - -5 0.59'5 5 . 12.5Ql ..... . 6.295
.- . - t5 12. 754; 6.380.70' - c ' - , - u.65,''.-C5 6545 -ZS 12.92P 6.4,64
C 97ZE -5 1?162 o.5810.7.5 ..... 5-__ E,9±CE-0 _ 0,9113i-n5 1?.397 6.698

0.79 _ ... .. .... .. .E +O P.. 6 _ _ 7.03.
,571 --- --- -- SE [ . +co 11.21( 15.e64 3

- 3.65 r5  1151 5.758
0.69 8(122.___ C'.2~~~S, 0.4.597T-L5 __1 ±174E _ 5.873

5c: .-. E- .5 11. 1 9f 5.9480. 63. 8" : . C. O? F-. 5 1. ".6C-(5 12. 0. 6.023
0.656 -L- 5 12.17i 6.0870. 656 8" Or 7. *_ 

1 L125E-PE C."825t -r5 12 3C L 6.152
8 4 5 -E -5 5 12.*E67 6.230, 63 ...... _85 00, ,56 ;-C 0, 565 

i  
- 17.631 - ___ 64315

.712 5CC . . .. ... ..------ - 6.4.. . ' .. .. . . .- •F t,. 0 12.q6,_t 6 .6, 94

M.559 820coo. . +CC c +0 11 5 L2 5.751
0.625 117 7 5869S628 8C 03, C.42?3r.05 0.542E-05 11.972 5.986
C .4A61L- 5 Lp.--19 .6.C 59
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TABLE C-4. (CONTINUED)

eASIC DATA PA/DN C&LLULATIONS PAMAGE PARA"CTER
A N SI-PLE SIMPLE THDE PT. KNAX OFLTA K

T N. __.. .. . C v C L -Q! _S L O E _ IL O P (P) n I V . I r F.
+*+* ... ........ +4_ C,.1 r . ... .. + .+ .............. + ++9 4,+

1  
+ 

5  
12,2 .6....

6 ,5 3 C.111E_r 1.5195*.cs 12. ? Fb .3
z4312..3. 6.217

12.81f 6.418
0.715 .5 , L.690.-35 0.r9^.5F-c 13.03C 6.515

1.2.2 6.621
C.7.9 5,C____ 11r*Jc1 ' f*. 6.26

~ .I' 151 IE9C v°995

0,15sl -51c-40f 1457lT l. 286~C5 12.24.7 b 121
! Z 

- 
5 12. 3 , 9 6,. 51

0.62 __'Y ~ ,5J.-' .3_54;.-IS 12. 177 6.148
S 1-5 12, 52 4 6.2b2

§i L ~ ___ - Li 5- C .- '90'- 12. t7Z1 6.33 6
12.861 6.%30

0. 717 8.S"%. 4*,'74 Q 5 0. F 375c-05 13, 7I.8 6.524
- ,[ - 50.2 't 6.o2 7

SPECIME N NL. 4L-.--5 Yb ) t T _7. ,u I -1 K:,L $ .S&. -

1,79qJ . E_ + __ ,0 _ 2C. 23 . 10.117
-. 215E-C. 20.437 10.218

. .11 1 .
2
15' - i. P.Z3 5 7 -r.. . 20.639 10.32C

2C. 577 10.439

Q#'6_ _4 .282j_-0,, _ 3212O'-C4. 21. 115 10.55A
21.: 4 1:, 1.70.677 ~54..292..-. .292"t-4 _21.712 10.956

2' 1,21.q9 10990

-.'1155*-'.4 22. 563 11.2il
0.93

6  
456r 1 . 7 ."41"-CL T. 1IP.-Ct. 22.25C 1I.610

12 957'" r.159?E-1l. '3 5q2,
-'

4_ .,639 Q
'a I 2. 1

-  
12.0C7

1.307 a-:d0 , .. ....... . . .. . . 12 77.. '2c: 391 12.195
4 24.1 a ; 1?.1.7 8

1.351 o. . . . .. .. .4 7b 'L-(i 4 J.476 8-' . 2-.5 2C 17.760
26.J'i 13 . C d

1.10' * •.55f CA; 2,- * 
.

6. 5 5 2 11.?91

" , , 1, 13.7..5--I I_6 lbi -G !,!$t- , 0 UF-'4 28. ?3C 14,11 q_

28.54, 14.4?1
0.* !I.L~

3
-C4 ?92. u-f _ 14..7?3

331.91 15.955
1. 164 3'. +. __________ CC 34.372 17.19 6

C.1.- E0 7____ c(2 . 4 19.84F 9.4.23
1 - 1q. C17 9.5 9

09 741 A1'4G, - 2.1E 19E 3. 1985"14' 19. 188 3i4
, .2,55E-_04 19. 372 9.686

.. 2
7
S~ ~ .,. ,20E-4 ~ 9'j-l. 19. 5r7 9,779,

19. 75 9.875
-1 LA . _ C.. [-U. T... 2047, ..4 lq. 94? 9.972

.1l9 420.1 24 IL 0 f,2
S 5r... C.177,-. O,!752-4 2. 3 1. 0.152

C *.1 9 7S - C. 2C, s' 10.226

" --c4 20. 8 71 10 .416

A.c 7-1 .r z.fl-. 4 ~ 5l-. 21: 67 io.533
- 21. 3:9 1c .6s5

oQ, 0s~ 3' '. .27LE-c. 21, 5 ' 10.7 76
.1.76" i..8Ac

2 ci I .C-22. ?C7 11.113

22.7f-
r  

11.383".94,. P 2r 1.1. , -1 -0 2 ,2,t 
.  

'qv 11- 85

2'.1'S 11.567.. .956 ?3, .... .. . . . . 11-] .-w 2 L 2 ] [I .65,.
7,1 q7E- 4 23. ICP 11.90.
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TABLE C-4. (CONTINUED)

BASIC DATA OA/- L ACULA TI" _ AN_AG, PAPAMr-TER_-
A N STIIPLr SIMPLE THKEE PT. KNAX DELTA K

I No--QY-cLvs - .0QP-F fAL.- M, -P)__ SjYjDFr. (P),

It, A,.., E- 7. -,S 8-- . Z 7 ,5 -4 4 7 Zi9151
2..47&. 12.437--t 51- 1'100------ 1 .1+0 -243Z __ Z1J16

0._!68 9 1:U. 
8_____ !96?986_

0.73q 812:0- 6 o:03

- "2! £ 20.661 19.310
_______3 __ .__ _," ___. __,. 5-'. 1. 375E-C, 2C.881 10.440

21.554 10.777
9!6 - - 269, C 10 C. 26907-C4 21. 77L 1.6$7r 22. D79 11.00.911 3 7C , r.!:4rE-14 :.704Sct--4 27.38

"  
11.192

jA.l.4 0-5T .1~-~~.j3-._ 22.957 11.443-
C , d? .-. 2 f32E 11.6610.974 - 359 '.. . . . , _ .. ' _ 7 2 30- .. 2Y. 66f 11. 33

'4-2'.. ce 12.u. .J10 5 r.3.-.E-CL 4.3 ,.'E-G4 2,.3'.7 12.174.

2t.. 757 -1.2.3 f8

.Z ._2 6 2. I 1 2 .7 8 7

.26.7, C 13.373
1.152 0. S346_0_ 271 "1". 3-"3 2. 5--

2".SFE 1-.275

0.770 851L ,,. .EOO E+GD 19.711 -

V.1 91CL-u4 1 $. d-bE - -~ . 4 -10.789 852 0.j. 0.2,148E-C4 0. 21.dL- 4 - Zq U-- :- .c
L 216! L-CL eL.ct. .l0.813 ,53b0 -. _ _.2327F-0, . L.2

3 2
7L-.. 2.j i 12,.COL

2z 2. 71 2

0.861 855,Jc, ).Z
7 5

2-C.. .. 27t2--.4 21-__t ,-.7,3

0.891 65b ,j. 0.3jLBL-C. .
3
10

7
L3.4 21.-t2......--. -. 3 - --  -- 2 2 -.- Cj -- -1 ,. I L 2

0.921 857.C). J.
3
13L-' .3,L3L-C4 . 2i.3 f1ji;3

1.Olb Sbl'.', .4fc-b. ;. S-' 2a 22

1.069 A61. .L:. J.•-, '?L .- >' ., .,..325t-.. 2 .,3 12,o o,

0.91 856CQ . .2cjL2L-C4 -25 9&-.4 2 ,305:

2 - , ' 3 . -

1.241 8b.6IL. 
:2.j, 9_ ._7. * .i ,3
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TABLE C-5. FATIGUE-CRACK-PROPAGATION DATA FOR 7475-T7351 AT R = 0.250

SPECI4EN 0.= At -- 1-.2 VT1FL' TOI-TNT4= 57-C0 THTC<NESS= 0.530 WIDTHt 6.030
SOEC14F% voc=rc. tAXI.I14 TPFSIP 500 LOA') ?.390 STRFSS RATIO= 0.?c0

BASIC OATA DA/04 CALCULATIONS OAMAGE PARAMITEP
A4 S IMPL . SIMPLE THR7F PT. KMAX DELTA K

fIN. CYfLFS SLnPE(A) SL n* E (P) DIV.DIFF.

0. 556 a Ic 0 03 . E + 0 0 -.1E +3C.77?6 ?a

0.630 S47l0nJ. r0.13837q7-01 0.1361E7-06 3.4? Z.503
E .4qf- 06 3.669 ?.75?0.77? '41C3. 0.1600-06 C.IiGOE-G6 3.481 2.qlt
0o 1 i? o 06 4.143 3.1070.950 7471000. 0.2704E-06 0.2?04F-06 4.404 3.303

F2A.mo 3.601
1. 213 A471tnO. ~ 0. 34.66E-06 0.3466E7-06 5.198 3.891

0. 4 3c5r- 06 s;96 4701.641- Q471061. r-+Oc , 00 6:7?? 5:04?

0.562 4q1003. .E+00 .F+00 3.246 2.435
C.33(0- 7- 3.?76 .- 5 --

-0. SI81 ' ~4710 C 0 0. 32]QF-07 0 .3 ?76F - 0? 3. 306 -;.47q
O.31 2cE- 07 3.354 2.515

0.61? 64713C'. 0.3400F-07 0.340OO-C? 3.40? 2.551

C.65-73,1.58 2.5940.64q '1471ci. 0D.615E-07 0.615F-07 3.51. 7.636
. 5"5r- 17 31.53 R 2.65 30. F65 Rt.713. 0. t9lt -O 7 0.199mE-0? 3.561 2.671

0.689 4471C01. .E+00 ,F+00 3.634 2.7?6

0 .6?? 43110o. .1.0+O.E.00 _3.14 ___ 2.586
0. 6q2s-T7 3.50? 2.6i3

0. 66 .. .71000. 0.545)F-? 0.6335w-r7 3.566 2.675
.57351;-7- 3.645 2.731

0, flu 671 to0 . 0.675'i-07 0 0. ?55f-07 3.7?3 2.79?
0.7?75r-37 3*q36 2.87l

0.q1 71.71301. 0.504OF-1? 0.5040E-e7 3.qi 2.953
C . 2 375F- -f 3.A 47)A 7-0. 20 R4?1003. 0.369IF-r? 0.3692F-G7 1..0?0 3.015

Itt - t7 4.On7 3.066
0.865 1471I03. .#00 .,E+00 4.155 3.116

0.493 910000. .E'CO E +C0 3.026 2. C9
O 16L'.-68 3.027 2.270

0.49. 541C 00 0.1185E-C8 0.1369E-C8 3.029 Z.272
C95ct(-C9 3.G30 2.2730.495 64.71C03. 3,9060E-C- C .-90CCE -09 3.032 2.274
0.85CO3-09 3.033 2.2750.49C 7471C 0)o. 0.3213E-C7 L.1649L- 7 3.035 2.?76
C.u777 -07 3.186 2.39Y

0.sq? 917 163.. .E+CC .E+00 3.338 2.504

3PrCIMFN NO.= AL-2-t-.?5 YIFL) SyRcN:TH= 57.33 THIC<4ESS= 0.520 WIDTH= 6.0 0
SPECIEN TYDE=CC, MAXIMU4 STRESS OR L3AD= 2.r0 STRFSS RATIO= 0.250
0.1481 1935000. .E+00 EtO0 3.1ie 2.347

0.7120E-0? 3 250 7.4.370.55 743SO00. 0.3q7?E-07 0.3172 E-0? 3.370 2.5?
0.6250E-08 3.380 2.535

0.S61 390S000. O.?102E-07 0.2502F-07 3.390 2.543
0.49ROE-00 3.L.71 7.6040.613 490m000. 0.4765E-07 0.176SE-07 3.5i? 2.664
0.4550E-07 3.675 7.719

0.656 5108000. 0.5375E-07 0.5175E-C7 3.64n 2.773
0.6200C-07 3.795 2.845

0.0im 6305000. 0.7776E-07 0.7?77F-07 3.832 z.913
0.t155c-o 4.0?1 3.01

0.50? .70q0OO. 0.538?E-07 0. A479E-07 4.153 3.113
O.ft1tE-07 4.li - 3.135

0.M. oil70000. .E+00 .E+00 4.219 3.164

0.1.61 t0O000. .E#00 .E+00 3.051 2.?85
0.740E- 07 3.700 2.400

0.548 2404000. 0.5520E-07 0.850T-07 3.34q Z.511
0.8300E-07 3.4.3 .6t?
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TABLE C-5. (CONTINUED)

BASIC 13AT 04/D4 CALCULATIONS OAMAGE PARAMETER
A SIMPLE S14MPLE T4REE Pt. (MAN DELTA K

IN. ^l ylS -SLOPE(A) SLOPE(P) DIV.OIFF.

0.631 3909000. 0.?8E-07 0.1788E-07 3.611 2.711
0.7275E-07 3.?33 2.8030.70. 4 9qc00. 0.1512E-O 0.FI12E-07 3.88 2.886-C. 9750E07 3.998 2.990.q01 5405G00. 0.1050E-06 0.1080E-06 4.149 3.112
C.*1185E-C6 I4.331 3.2fes0.920 69D5000. 0.134AE-06 0.13S8E-06 4.513 3.384
0.15qlF-06 4.79 3.573

t.oq 7903000. 0.1672E-06 0.1599E-06 5.006 3.755
C .1 974E-06 5.08'9 3.8161.131 q170000. .E+00 .E00 5.111 3.1ti

0.4.67 1las000. E+00.180 3.072 2.304.
0.72qOE-O? 3.137 . .397

0.54.0 2101003. 0. 9065E-37 D.8365F-07 3. 321 2.4.91
0.58CE-07 3.1.5 2.599

0.628 390000. O.q262E-07 D.R262F-07 3.60q 2.7?
0.?685E-07 3.733 2.79I

0.705 4qOq000. 0.909?E-07 0.9297E-07 3.851 2.8880.10S1E-06 4,t. .. ..14 1
0.110 590M000. D.t?01E-06 0.1W07E-06 ~.1?6 3.132

0.1362E-06 o.335 3.25
o.q4fi 6308000. 0.1539E-0 0.1539E-06 4.594 3.45

0.116E-06 4.812 3.645
1.118 l7o0o. .. 0 0.1794E-06 0.2114E-06 5.130 3.8'7

0 .2021 -- 3.9U3
1.173 81tO000. E*+3 0E+00 5.306 3.974

0.460 190s000. .E00 .E00 3.09 2.255
0.16800-06 . -2 "-E

0.621 2935000. 0.1424E-)6 0.1424E-06 3.6a8 2.705
0.11$8E-06 3.19 2.8'

0.745 313000. 0.1226E-96 0.1225E-06 3.975 ?.951
0.1213E-06 4.1?2 3.124

0.873 1.905000. 0.154;E1-06 0.154;'E-06 1.369 3.2770.18010-06
1.153 530S000. O.i)??E-05 0.13??E-06 4.9?5 3.634

0.2142E-06 5.27? 3.95'
1.267 6908000. 0.3157E-06 0.315T-06 5.6t8 4.21f

0.4171E-06 6.4t4 4.81
1.68' 740o00. .E+00 .E00 7.210 5.407

SPECIMEN TYFE=C,. ?-;XjmUr,3 . Ci, L L.= t. Q 'I L AlIIcz .5

0.329 33LJ.. Lu tCe2L
0.367 80%.uo. J.?dt C -0 0.6 5L- 6 E.:77 .. S-33

0.384. jIJOGO. 0O.?458L-t I. -c. 7'. 57

0.398 123L0. U.6675t-,t- .t7 L-, t 51 .

0.411 14JLJ . w.7187t-EE .. 7i7L- 7.jZ7 5.2-,

0.427 16 C:O. .. 'g13L-;o L.6913L-d. 7.1ii 5.3t3
0. 4 16 L u 43 0i- ET v6 "fLL- .- 33

0.465 ?C.Czj. .. 3C2L-L . 5-L6 7..I ,23

0.485 22u(Jj. L.IjL7L-.,5 .. iC.7C-?5 7. 7 5.7EL

0.505 25.T e.3
0 . 529 2 E)3 u. 6 11 t, 5 i- C5 0. ll tt-uF G t . c

0.552 2JJ.J;. 3.1.7L-S L.1,7,-.6 b.a7-_ _ -- 
37 E t17
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TABLE C-5. (CONTINUED)

BASIC DATA EA/DN CALCULATIONS LAM4,. PlKtLTt
A S 1. FL 7- - PT K.IAX - U f UTA ..

IN. CYCLES L6F 44) SLCFLIF) 01V.01FF.

0.322 3OCj. 30I t.1 C ,+ 13.

0.375 , Q iJ3-{ O ". lt -co 914

4.,393 IGJC i] G, i - t, 1 9: 1 t- t ,c.3 Z,

0.43 1- 4 J Oi, U° J C : ( V J* 1L LL. -L E 1. t° 7.

u 10 . '-,-

0.4Sa 16 C .j.1. uN * 7. -

0.592 2 J 1 27.- 1. 3
~77-~7

0.573 26j';., ., 7 -5 . -. 5.- . -

0.611 2 L J8 .L. J:C -L C . - ". 5-

0.649 ... .L-L C . . .. -

0.332 301O)1 .3.* . ,E + C 6,. 3t .. 77
4_______________ 4.7 7

0. 388 ts G 3, --- -- 13 6L - L5 - 11 b 3 - t 7; t ,

0.412 10.bi.- J.1iA1 -bt .,iC'.t-I 7,.. 7 5,

0.43 l2jC J -. 7 8_ 6.T L, E 7 9 7t-- ,7
0.444 143 C. 6 7. t0.438 l 3, J I If 'IL-cs .

7
't 1 c 7 . t -

1. .7Z

__ _ _ __ _ -. ii
- . , s-. 7-- CT

0..9 1d-IL E .C. 11 A,. ,3 .. . . .
0. ,1. 2 J L, . "7

C.S44 _ __ ___- t' Z t-

0.61. 24. :L LK.C-.. ..... i- .

2 3 a3 tt 7

0.753 3 C . C 7

0.326 3ACa. . . .LO. c. L7 4t 20

0.364 80103, 0. 2 -Qf .11?27-C. ,

0.30. 9 IO 0c. J.975uz-4t L,7 -0t o,
7

9. 5. 3

0.424 1 JJL I . . ..,5 ..... ...- 7. .

0.44i 7 1 6- L -119S,II E-L 5 J . i 97 L -. s 7, .3 Y'l• .9
- . I -CL-- L5 .. . . . .. . .. . . .. . 7 ; . .. . to

0.47i 18l . 1217L-- L, C. 77 -. 7. L 3 , 1

0.498 2JJLO. 22 -C C. 1Z26 ,

0.521 22060U. i, --1 - J, 1A -00 l,. o*
o.13

0.549 2..3 Li w . 1.. .... ... i,. ...7t E -2,,1
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TABLE C-5. (CONTINUED)

BASIC DATA CA/D CALCULATIONS DAMAG&. FIFAMLTL

A N SIPPLE SIMPL-I TH,. L FT. km A 7 61
IN. CYCLES SLOFc.IA) "LUFcIP) DIV.DIFF.

0.574. 20L .ii' .0 . 321.--.5 b-tc~ ,

SPOC1MEN NO AL7-e.i YItL0 ZI Lt,GTH 5 70 7 HICKN LSS 0.528 T.10T=

SPLCIP:EN IVFC= C. m-xlruM SlfzSS Lk LGAL 8. C STRLSS RAIIL
= 

[.2 E

0.571 3 . .r:CO E+C6 1:.2 t 8.
,9 3 :-G5 12, 465 g

0.752 32JUJQ. _.
9

94L-C5 '.1452E-L4 13.d a J.1i1
13 . 1 , I

0.649 3.GL.C ,E+C L+00 12. 223 9.1ce

0.962 32 J3C. . - 4,191IL-C4 4.35.8L- L 16.fgi ,j

1.098 3 3 . .0 E+G. 16:i 413. 611

0.753 29'iC. *E+00 E+jo 13.51

0.753 32G1u. .2424E-C. .12:2t-L6 13.5. ___ ,__2_

1. 2 4 32uC0.. . { + ,E +.1 2 1. 4 13.7 69

0.647 30JOL3. E +O .# k00 12. L 4 9.i53
13. 6 t I .3 z

0 899 323 ,ji. ., E4E-C4 .2376E-.. 1-.. 7 _1.___

w.2571L-L4 16.- 9 12..47
0.989 313 0 . E*Cv .E C. 0I1 iz.
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TABLE C-6. FATIGUE-CRACK-PROPAGATION DATA FOR 7475-T7351 AT R = 0.100

SPECIMEN NO.= AL--I-.1 YIELO STRFN.TH= 57.00 THIr(NESS= 0.520 WIDTH= 6.000

SPECIMEN TYPE=CC, MAXIMUM STRESS 09 LOAO= 3.000 STRESS RATIO= 0.100

BASIC OATA OA0N CALCULATIONS DAMAGE PARAMETER
A ' SIMPLE SIMPLE THREE PT. <MAX DELTA K

IN. 3yLFS SLOPE(A) SLOPE(P) DIV.DIFF.
++#**#** .... *+*+* ......................... f4......4++++++*4.....4**+++++* ...... 44444 44
0 .51St 150 00 0 0. Et00 .E+00 3.896 3.506

0.580 2000000. 0.139IE-06 0.139SE-06 4.145 3.731
0.1541E-06 6.? 9 3.86.

0.657 2500000. 0.16D9E-06 0.1 0 E-06 4.14? 3.995
0.1677E-06 4.S99 4.139

_0.*741- 1 000000. - .753-0 .1967E-06 0. 1963E-D06 :.75 7 4.281
0.2253F-06 4.qS? 4.470

O.A55 3506000. 0.?11E-06 0.2163E-06 5.177 4.660

0.7101E-06 5.3t3 4.78?
0.929 lq56000. 0.2214E-06 O.?t5OE-06 5.61.8 4.9C3

0.793E-06 5.661 5.095
1.063 4 356000. 0.?973E-06 0.7973F-06 5.87. 5.0786

0.3653E-06 62?.5 i.601
1.226 4A5S000. 0.422?E-06 0.65631-06 6: 576 5 .91t9

0.5432E-06 6.A37 6.153
1.354 504i000. 0.75tE-06 0.8i19-06 7.:07 6.381

0.10F7E-05 7.463 6.7t7
1.51q 5?46000. .EO0 .E00 7.8?q 7.046

0._504 1500000. ... ... 3,0o00 .E+00 3.R62 3.458

0.574 ?000000. 0.14AIE-06 0.16881-0 h.170 3.705

0.1581E-06 4.273 3. 6
0.653 ?00000. 0.1657E-06 0.165?F-06 1.?, 3.9q3

0.1720E-06 6.584 4.t1q
0.739 000000. O.t?3E-06 0.173E-06 4.769 4.Z71

0.1766E-06 4.914 4.6?3
0.821 3506000. 0.1A51E-06 O.lqIqEc- 5.0?9 6.5ri

0.1974F-06 5.?06 4.686
0.890 3185000. o.zlsE-06 0.?1??E-06 5.331 4.830

0.2337E-C6 5.5to 4.994
1.0t4 6356000. 0.751t1-06 0.?31E1-06 5.765 S.145

C.260E-06 6.019 5.417
t.169 6856000. 0.3246E-06 0.3172E-06 b.274 5.645

0.4429E-06 6.478 5.830
1.251 5311000. 0.51501-06 0.5573F-06 6.613 6.011

G.6245E-C6 6.8it 6.193
1. 369 521.6c00. E0400 .E+00 7.0m0 b.372

0.52? 1500000. .E000 ,E00 3.915 3.573
0.1415E-06 6.055 3.649

0.593 ?000003. .i429E-06 0.14279E-06 .195 3.775
0.1413F-06 4.333 3.900

3.5651 2500100. 0.1644E1-06 C.1544F-06 4.472 4.0?4
0.1865E-06 4.644 4.180

0. 757 3000000. 0.1933E-06 0.1437E-06 4.817 4.335
0.2021r-06 5.005 6.505

0. 60 3r06000. 0.2t?8E-06 0.71761-06 5.196 .674.
0.2VI3E-06 5.341 4.807

o.q3q 3q56000. 0.274E-06 o.?17-06 5.48A 4.939
0. ?608I-06 5.731 5.15s

1.070 4356000. 0.3558E-06 0.3558F-06 5.974 5.376
0.4,OAE-06 6.4t 5. ?3

1.29c 68S6000. 0.5641.-06 0.6918F-06 6.855 6.170
0.8051E-06 7.?63 6.536

1.685 5091000. .E00 .F+00 7.h70 6.903

0.5?3 1500000. .0400 .EO0 3.qt7 3.526
_______ ___-0.i1 3761-0D6 -4 651t.64

0. 59? 000000. 0.1377-0 6 0.1376 -06 6.1o 3.771
0.1 37FE-06 6.37? 3.890

0.660 7500000. 0.1623E-06 0.162?E-06 6.454 . .0 0
0.1888E-06 4.624 6.166

0.756 3000000. 0.1c371-06 0.193?1-06 4.804 6.3?6
0.2006E-06 6. q1t 4,744?

0.855 1506000. 0.1979E-06 0.19671-06 5.17M 4.661
0.199oE-06 5.30 1 6.773

0.923 3q600C. 0.2033E-06 0.2005E-06 5.421 4.885
0.2098F-06 5.6?3 5.060
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TABLE C-6. (CONTINUED)

RASIC DATA OA/DN CALCULATIONS DAMAGE PARAMFTER
A 4 SIMPLE SIMPLE THREE PT. KN DELTA K

IN. rYCLES SLOPE(Al SLOPEEPI OIV.DIFF.
..... 44,.............,,+.....44 4+4+++*,,.............. ++++.....+.4... .

1. 020 o356000. 0.2426E-06 _0.? E-06 5.8t7 5.235

1.166 44856000. 0.29?6E-06 0.3227F-06 6.341 5.706

0. 344qE-06 6.500 5.850
1.2'7 5 O000. 0.3712E-06 0.3847E-06 6.660 5.49I,

0.4110E-06 6.789 6.110
1.311 '6000. .E+00 .EfO 6.91 6.227

SPE(I'.tN NO.= AL-A-3-.1 YI-L' STE G GH
=  

.7.2, THICKO ,S,= *.FCC WTOTH= 4.00
sEl -r ..ji!.,,Y.z-I .= 5 ,*-r ST.LS ATI= J.1,C

0.3!5 corr. E.+ *. E.0 5.58 5.C26

5.54C 5.a '1
C. 119 6CC c0,. C.22:IE-06 0. 22.0E-C6 r.596 5.036

F.61r 5.049
C.322 70. C. a~-8 . .-E25 -[ ' 5.625 5. C_b

G .61" --6 5.653 5.088
0. 329 . C.37 E c - . 37c3E-C6 5.6P ' 5.111

6 5.6qe 5.119
0.330 ] .3.5 E-c C.3 .50E-C6 F.69. 5.125

C .13.3E - E 1. "2.t 5,14.8

0,.235 , 7r-. ,L?75E-'6 . ? 5.171
.-,759 5.183

0.339 11V .-c 0,£66-F6 !b53.-:F .,77? 5.196
.,'!F--7 - 5, 811 5.229

5.W 5.?77
C,.- i1,8,C' --- E ._978 5.2 9

3.35c
,  

i4CX. .45.yc-tb .3, 5OL-6 .935 5.3.1

",.F-:O-- 7 r. 93F 5.3

0. 5 171 : : f. , C L ^ 5 9, 5.3 6

:6 4.4 5.437
0,37. :,.'7-3b 0.75t-C6 ,.095 5,55

;3- - -6.1% 5.52
R4__ 53-a ~ .23-'F, F.8 5 .566.

C.U~ f-13L-f 6.2LI 5.b17
_ a ' ." 7.E1377-,6 C.2611'F-19 '.6137C-. 6.29 5.6.

.6 63 5.713
V.•..ju 2-.C :C C 2.5425.-C .-S I 25--L-6 .. 6.397 _ 5.757

.. 42?f 
=

-0 
-  

.,637-:6 6.407 5.839
C , ?--" -- G -- o. 51 F 5.864, -

1.426 " ,.4C9.=-" 6 ,. 81 -'6 8., ... 5.889
6.6! 5.9.3

, F,j 6 ,, ' +j . . . . . . .. .++ "+ . .E ,. 1J3q 6.155

+'J 71 + 3 , ".L+Cl3 F +GO F,.Sle, 5.021
?,Q E-6 .622 5,D60

O, "27 GC,C, 7975S.-' , 1.7975E- 6 , 6 5.09M
r S. 6 9F 5.126

O,,. 7+ C .,37?" -+ 6 " !'?725E-;-6 5.,72E 5.154*
,5773 5.157

c,5 CIO . C.1 95-C 1 J.1551--6 5. 73 5.16a
F.73t1 5.37j

* ,.k- 1L 6 To 74, 5,17'0

C.337 _ .9 , .195 .- C( 3 L950T5 ^-6 5.75 . 5.179
", - 6 5. " 89 5.210

. 3.44 1 "'. .. 73.4 S- 0 6 ;. 3 00.-t6 5. 821 5.2.2
-7%C -;6 5.85(- 5.273

0.351 11CC. "7C5.-Cc C.705CE-'6 5.887 5.2qg
-919 5.328

1-.,358 ? r 1" , _ _,-'- L V.' 25-C6 '.q51 5.356
.9--!, - C6 5.99L 5.395

_i.361 C.74?5 -C( .. .7 . 25z-C6 $.037 5.437
5. b S.45'.

$-99F 5.'87
0. ,376 J.. IF'J. _-L.J 'E-,t L.,LC5G.-r6 ,1 95,.,98

.,F!ca--u6 6.132 5.519

174



TABLE C-6. (CONTINUED)

BASIC DATA VA/'N s 'ACAG FAF' 1 1T,
A P. "P"'E E'L F T4I E PT. K-A X DEL TA K

IN YL ET SI' LO A__ ___ _LO _1 -LV. F.F

L,. I .5
F., 6: L 1-.2 5 5u 2C. lie7

C...13 2c:713. - - C,o2?3F,-CL O.t2'4_-: t..3' 5.7,2

c, 7' "--Ct , 'Q(2 5, t"I - - - .5 7? 5 7,:C6 I
L6.6.

7 - . 5, 7 2

"132 2-CtO1E. ?'9"

*,7.. 5.1?

4' ',' Z.1,

1 7 - 7 " 5 .'

0. 119 7zrc 75... . 5
. ...'; _ ECC. .'"- g C.' *..3 -, .59O P..

. -. ,7.5.7 1
0.12q 0 F5 -, fs 7 5.11A

0..2. 0 0.. ... . ..... ..... ... .. ... 5. 6 . . 1'
165. 7?? 5.1 0

4'''it iF ,1' 5 52

0. 337 qc , c C .4. • 'r F-c' F 0. 7-z5 ?{f.I" 5.1
r 
Q

3 lA.- S 4_ c,Z .,

7 . '-,6 3 .
354'2 

.4.

0.- ,>. " '.c i f

4..' L 5 .5 I

• ' 1 3 . 4'1-, 6 .7 6.1,
-. .13 '' .: - ~.r!1.'-> 2, -- - P0 '

6.''.2'

0.315 Cc:.1 7, ?
_r .... 1, - , + . 7 ;. C ?

7 
-

612 5.0:1

. t-. 6 5 6 5.09'

.t r.;- 767' .1 7

O, "3 ' '3'0. '3. % - C 2. .3%-,6 r. 74 5,1247 ,1 -, 17,
0. 121, 1_ 1' 3, -2 E6. 7 f

3 4 C c 7
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TABLE C-6. (CONTINUED)

BASIC OATA nA/r)N CALCULATIONS DAMAGE FARAMETER
A N SI'PL- rlmrLo THrEF PT. KMAX DELTA K

IN r ,L r. ) SL,QPC(ol Di.V,r)jrF,

C.354 12C. lc, Co92 2jE-1f C,q753.-F .917 5.32b
5.97S 5,778

367___ 1L .C . A,2r E-fV 0. 5875c- 6 _,__ 6.C3? 5.1. 3

6.1r: 5.4911.3.7q - j1 
-  

., S n' .,L875r-'6 6.t77 5.523

J.1 f. 14 5.5?9
0 . . . . 7.- '25E-"6 f,1FZ 5.5?5

E.2EZ 5.61C
9,397 I2[.CCo , L_5_ 5' -C _ l 575c _-C . . _ 2 ,94 5,664

0. 4! 7 .. - 5.7 2
1
r 

-C 4
-

424. 5.781
0417 r, 6 5 -f L.625--%6 r.4(7 5.62r

.2-s- 6 ;,53 5.853
'. C Cs C-b 5.516

'75[- .6 6.59f 5.9!6
..563.i-t f,-.f68 ---6 F,6% 5.9 7

r..T 6,69 6.023
'..8- (.393C'" C .L167E-~ El732

6.77F 6.C 97
'.45 _1 _4254- C6 F. I 6.136

3- 6.912 6.221
-,,' [- "' , . . . . ,.. .[ +fr0 7.)i,7. ,

SDECI -rN N0,. A-5 3- - 1V' LP S 3r T H 7F 7 THICKNISS :S.s W ITH= 4. ;CC
IP-IjMtpY Ty:_C% lAxTi(! 1 T%SS OP LCALI= 7.5'C S'y:.SS_QA'IC= 3.1.,

0.13 35 CI Ic. *E+O^ ,F+C0 9. A ip 8.9.0
C. 71;5 -. 5 1c.! A 9.253

0.585 3P "C. C.SJr?c.-05 0.9558E-'5 IC.74C 9.E66
. 1-7br-C . 882 9?94-

3.613 1625% ,.105"E-C4. C.ICE7C-C4. !1.024 9.92_.
c .1iar-14 11.18 10.0b?3. t, 31 o .. 0 . 117'-FE-,] I. 0,.1125r-,4 11 . 116 1j.2c3

1.667 C.JJ4JE,1 -Cl. M.,11- E-r4 11.661 10.494

S1,E- 4. 11.825 10.6431.69b ":'C ": ", .. 1 73 F -C 4 , I 74VE£-r 4 11, 9CI ... . .791

0.726:.? 12.13! 11 .C

12.551 11.296
.762 3'CC 0,18115-C'. C,1_1- 12.76: .. . 89

lz agl- 11 .6 C5
1 , -75'*. 1612 -- !.16 12C 13;23- 11.725

11.18Z 11865
C.811 77 C.2111E-OL 1 !.!43 12.0C9

,23 " -L"13.'.88 121390.834 ,2 . .C-,4 -. 24,C3.-, 1'. b'3 12,269

"*?.. r- . 11.783 - 12.41C5
0?.45-4 13.1 -2r,4 r-L4L

0.887 r. ,2712E-OL 0.Z712'-.7, 1429L 12.854
, 4 6 --. 1-, ro 13.C 13

__jN 3_91 3 3 ( .2 7
6  

C. 3.27 1-f. . 1..6?. .. ... 13.162
S1L. i11 13.330

d* ' 
" 

'
,  

C .3 '5c-' L . 035 . 13..11797. . . . . . . . . ... . . . . . .... .. .. q 9 7w 9

15.21E 13.694
_.,974 31'? 1 .3 15 5.-C 4 'f- 65 LT . . .-. __I F _ _ . ... 13.891

1.99? _3'3 _' . r.o9 :. S, '-( __ 15.6 P 14.115
3 3 1 - 4 1 ql1. 1,.233-

1.C13 -3.._ ..... , ,.3'I5e-. _ 2. ! lC71 ..-C4 _1 94-_
.- 16,-.79 14. f719, _ ... *, C , ' 7 

"
-

-  
4-C4 16.21? . .1 _

C - , 35! 14.718.. 1,.4 . . .... ~ L . j . . . .... ... . .... f_l. _ -_.. ._ - . ', 93.,2-1', . '. 93" _ 1 .,5..,.,

-. 40 ,"0'--"-. '9'
,  

15,116
15.14C1

.i.L. 35
;  

.3
3

%-4 3.1'c-.. 1 
, ,

'. 2 5.10-!
1615.1f3
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TABLE C-6. (CONTINUED)
.... C_Ja....... .. *+f# +........ *A/_2 ... .kuLA ........ .... +4++ + +++F M E
- AS IC CATo r -A/f)K CA LClJLATTDJ OAM4AGE FA~A MEER
A N ST"'' L 'IMPLF THCEF PT. KMAX DELTA K

IN. CYCLIS L 4() F_ LOP-(P) OIV.'IFF.

1 7 4 11? s. '

1-
-  -

7. 15 . .

5 , C 4 - 17. 15 .5 , 5
1.1I1I 262C * 7 C 1 L L . 1613L- 17. 5?2 15.77 0

-- 417.5EP 15 . JSI1
1.12) 3iFr.. ^ .. 82. '- 4..0.59. .. ... 17.614 15.q l

* .'2 .- ". 17.72C 15.948
__,____ 1 6 %. f,_ 7 ._. -- - ... ... ",; 7r- __........ 17,. 27' 16,$ 43

S.457'.-C4 17.9 2 15.121

1.145 3177JO. (* '-1-4 C.1418E-4 IA.&1b 1 21

. CI 2. 1(7 16.2 2
1.155 ' '' .*, c....-o. a,. 1"., 15. 37a

.1 , r 17 1__ 1, 7 1 .3.745'

1. 166 7''t L 1 '.' L 2 l 5oEZ ,C 18.17f 16.

.. 1 Is 5 46 1 .4 k lb.6 1
f-c l It. 7 9 !

1p' '2 C f( 22 75 - 1.7 7 l . 1,6

--1L.7 3 '-. " -:': .. . . . . . . C . . _ ... *C85:C..C, *. 9 17.2 .2

-4 19. 0' 74'

. 71 b- ?E 19, 71 1 7C . 9

. i . b11. t F 1 .1 3 75

_, <' -7 5 r,3 13 -
0. 547 3 

- 
c - O. +00 " 1 . 3 9. 75 2

7 1.• a r- r 1'.527 7.57

6 ,5 zZ ,1o: 1'.?' i9. 1

-. 6217.72 11.7 '2

0. 64. 17.4311' 2

'. . . 7 ' : .... . -... ... .. . .. I.' S7 1 ..3 9
'.13 12.57

.41- 6 g, -3f . 1 1 1.F ' i q

.. 4 -- -. 
?

'- - -t 6 "l , .

'%933 '-l'W. l. :-u [ 7 b' -.' 14-..48 1 4. 3

0.72 3r_-QC. 12.2'

J 2.<- 1
-
.5 

- 
1 '6F

1

-. 7 1 565
-

7 7 ' -<,o7L i 1 7 6
-C L 1. 51 

7  
12.37

1.314 3 33<• C 
c--  

-" p75" 1 '7 13'.)

"~1- 1-,' ' 7{ 4 :! .

lk- 57L 7 7- 9'1

1.. . . . . . . - . .. . . . - - ..... 9 2 V .. '
933- L .?; IL,p1 3

1.293 +.444C2 (',?4C-,Lc. t 7, 2"- 1.17 17 1, 1
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TABLE C-6. (CONTINUED)

BASIC DATA CA/rlN CALCULATIONS PAMAG, PAkAMETER
A N STfrPLr FTNFLE THFEE PT. KMAX DrLTA K

IN. CYCLc SLnP'(A) !LlFf(P) OIV.OIFF.
... # ...... t+44' .......................... 444+ 4....4++4+.+* .... +*

9 - 4 17.?79 15.551
115 '-t 4 15.615

- , .57 .E-'. 17. 3rc,9 __
.. 1, 15.662

_____ j~7. 45F 57

l.llj -t 17 . 4L. 57

10135 38t*5 C,465C:-J4 3- .7010E04 17,5 16.7 0_
" ..7 C'-C 17.919 16.127

1%55 _4 R126 16.314.

C .TS- 7. 1.327 16.494
_ 67 ____________ "-'. 347' _E-?. ... . 1,6 _____ _6 1,4

-.; ?3 --J4 18.497 1766

1_ F7 A 55 3 E - C IA. _b : 16.056
10.7 3 16.q32

10197 357.0 , ,F 3 7 C A. . 17 135E , l5t q- 16,3-91

15 595 17.CC5
1.2e1 3a -,. FIc-G C c- "I i'-15. 11 . 17.C95

19.987 17.1?'
i. 21C 1 1 F562; - .. . S562--(-. 14. 1 _ 17.252

7c-19. 267 17.359
1.223 2 ! , L 1 -. ,L .7,'!13-'4 19.45C t 17.L66

. 1 7-. 1.5,757 17.597
- ___ IOU _,_ .6-0 4 0. 77o,3E-r'. 19.69e 17.728

1. 5 3 C 15 1; .E 2L'42G. 3 t E 18., 5

*S ,L.,V:r'62 18,056
1.26C_ It_IR_,__ c___ * CG 2 c' l 1 9 18. 7

.557 3 7^- .F+ 0 *j4 1.' 5.1p 19.376
ll.5b9 9.782

0.637 16 '. '.8291. -^5 .913 -: 1127 1; .185

r~1 A.!1-' FL. 10.3 11 8

* .*Sl-.. 13.757 13.581
1.690 C.12.C"F-04 .211n 11.927 10 .7 3'

12.1-2 1J.82
.. 2 3u75oct.L . fi.1466E1C4 _ 12.1177 11.a 5C

0.763 370C;:. -.. 15A?E-L .5.E-'4. 12.7 -5? 11275
12. 94f 11.652

A 2. ? z 17.2-i. . .. 1775 .-4 13.1 9 _ 11.863
*, 5-13. 371' 1.036

C.534 ., . f .2-2 .L7.,i5 -L4 17.6! IZ1.265S
13i. 8,.t 12..2b

14-211 12.797

14.62L 13.1bi
0.926 _ 171%r. C. .- ' .5C-1.7, 13.311

* **I 1.9E, 13.467
C. 952 : 1.5Y-' If87'-. IE.' 13.622

C,.)53 " c . -2 ' :-r, 0 .817.L- _ 1'.561

15.611 14.237

0 15 C * C . '5,E-. . . 7.. 75?1F-74 16. 1 5
,3 6 .r4, It. t52 14.7

? 1 7

1"2r C . ". 12r-C. J . L1275-'. . 6. 64'. 14..978
L, It. 1 37 15.2'6

A _-VU____ .4 It -74 C.'Z32i c. - 1.3Z I. 15-.:;-7 4
1,4 4''7e 15.7?1

1.12l ~ '. L0<. Q" r9.f' 17.657 15.807
:.1'. AP2 16.09'.

_1,1 3 19._ r. . . .. ........ 5t 18. 112 16.3 .1

____- .~ 7155- *. 1 l '9 16.6'-?
1~.79 16.911

I ,q .1 9.11 17. 75
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TABLE C-6. (CONTINUED)

_ ASIC DATA _ CA/N CAL'ULATiONS DAMAC.. PAPAM.3,R
N STiPPLO E' I ' L I THCLE PT. KmAy DrLTA K

I N. C YCL.. 0~~= A I)L o'' (p Il, OT t-1 FF

4-f + ...- 4. -+- I + + + . ... . . ........ .... + . .

" . ' . - 2 7- 172

_i C, o(u . _~s-' _ , 9 L _ O? 
-

21.318 11.317

'..7 7-' ??,59r

, l - 3 7 9i4 19,77

C 1 -1. 2 .3 89 2.2'

1. 3J75 '-7'' , . .. ... . .....r L -- 2 
• 
' 3 . 3.6' -. 27,b'97 20,'.2

0 .8 q- 7 0 1 22 .977 219.6 7,
j*1 3. 7 *077 * , .11' :;-2 C.: ,S5_- 2 r71 . 2 1.27

1 l'.;'- 334 o. 21.1

'1,F*?--.?. ? , - ' . 1
1. 375 7 -r.-.. , 1 LI . 11' -? b9?. 0 1

I - 3 22. 77 20.8 b 1
.1 .3L''7, c '.?1 ? -'' C . 22.-?' 23 . ?I-5 ,' 7

2* 7 t ?
4, 7_ 1 F l 0 33,,I .1 $1

0.518 3.. " 0 37., . .... .0.+3" _ __ .0 7l.Jq2 9,h2

-. 2L.. .5 1 t, 7 7.70

*617 7- 2'7.tZ . 93 ' ii 3 .2: . I1 9i

21. 17' 10.l'-6

7 1 3 11. 721 .8 1

-,7 C.. . C A - " l -w1,. 7 ' 11.@
7

I, .: :- 5 ll 2i # 5 l -iQ 5Q

0. 5 37'' .1+ '-'- C. . ?' -%. 101. -, 1 1 .G

" 7 -5{' 1'. 55. 1 .3

L I. .' .I 27
0.9 6' 37'- C I3Vc-L 4 1 5:'-.-. 11., 73?4 1 291

I I.. ...... .3f

1 3 -1-.. 10 I.. 7 3

25' ; " - ., . '7. -L 7'45.-
r

- l'.,'' 1..,

.77! -,",N .1? 5'-. 7, 1 ,i

0.- .4 74 3 17 7!' .6 9

1.9' J 9. L - - .. 7 -._ -. 7C,A -- , ' 1 q,'
i  

1',.-.'

1 . -7_ 0 . T7,2 . 1 7 7 1i,
. 1 3A179 3
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TABLE C-6. (CONTINUED)

3ASC 04A CA/IN CAL,CULATlON; *A*+* _ P.k.M.T=9
A N T!L. '' L " T4cE CT. K-A-y drLTA <

yP. SP( fA) SLOFf 
1  

1 !'-IF.
... ... .. .... ..... .. . . .. . . . .. . .................- .-......-.-..,...... ...

4 12 6 -*

U- 1,

-.. 9._ l. 
-  

_______ "__

:.' z ' 93 17.' 77

--. )-S'S- 1o.3" 27.5'.

.7 67 2

I. 7.2 -!- ', '. 6-
7, 3

1.2%' -  
_ ='- "--- Rf 7"__-__7 ". 7.,__ _ _ 7 75. 73

_1e . ; -" ' . .___ 7' ' . . .... -, '-- _ Z ,- 3 .5 "3

2. ' ' - .2,' __-______'_'_____
-

____________ -. 15S.5 7

17 .

1. 372- " ' - - 0, :2-= 2' 3.2 1

2, 5
1. - .. _.____ _.-__._,__ ' .... 32, 77

•. 5-5 =-.. -21
. 

-- 2. . 9-

1. 3226

1..-
-  

. ?', 1.7 21..3

__.____.,________.__._ ,.- ,r.., _ 7,* . .... .. b.5
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TABLE C-7. FATIGUE-CRACK-PROPAGATION DATA FOR 2124-T851 AT R = 0.500

S P FC T - F T Y A V r7 * 1'~'} ' ,S I > LL22 3.0 3 STPFS7 04 T TfnL 5D

BASIC navA OA/3N CALCULATIONS DAMAGF PARAMFTFP
I STMPLF STRDLE THQEF PT. KMAx DELTA K

IN. YCLFS LOPF(Al SLOPF( ) OIV.OIFC.

0. 42? '?60 0 0. .E +a .EfO0 3.495 1.7574

61- - - -l '5071.751
0.54? ?3160C22. O.145JE-08 1 ,15507-08 3.509 1.754

.0CE- 0R 3. 17 1.758
0.424 ?3600co. 3.313E-A0 0.31CO3-05 3.5?l, 1.763

1.0 E
- r  

3.534 1.767
0.433 7535723. 0.7i75F-04 0.757l-0.? 1.771

0.44 f ?f6L2S3. .7 5OE -01 7.7 7S-50 3.59 1.796
C. ~3 -~- C3.631 1.801

0.4'. '7 3fc2CC. 0. 150F-25 2. I?ot-15 3.610 1.805
-83.65(l . 80 3

0.44_ ? ,702. . #3 -. 6517F-?l 3.613 1.80?

0..44l-CS 3.615 1.80!
3.625 I.Si2

a.'45c) 3 2 4 C 0 3. 55ZE -: F,6 ; f 3 . 64 0 1. 820
I.71IF- C S 3. 6L.5 .8 2?

E.5'+ I33~) E12 .1C02 3.64 E,..877Z

0.39? ? 0 O0c0i. E.13 .E+30 3.3b2 1.681

0.5.11 ?136LC02. 0.2S4?E1-07 0.265.7E-07 3.44q. 1.7754
0.314SF-07 3.520 1.760

0.444' 74.3F0CCO- 0. 3 4.5 F- 07 3. 39457-07 3.59 3 1 .795
C.4114,r-ll7 3.65A 1.8445

0 .5.9q0 '3'OC2 0. 5823F-37 - 0. S? ?F- 0 7 -3. 753 1.8 q
C .71 AF-~j 0.7F - .9G

0.561 753500.3q95F-J7 6.73q5f-07 4.059 ?.035
C . 7,90f -707 4.?IQ 7. 10 9

0.631 ?73 CCCJ. O.q713E-D7 0.M710F-07 4.36A Z.14.
C, 17 3,11 -77 4.551 2.275

0.715 3S 1 0C I. 0,134RF -0b 0.134A -0 0 1..734 ?.367

0.A47 "936pl7i. flj~77 .14-45.15.9 2.57.
C . I~ 5,?7- nk 5.43.2 ? 770 1

0.qss 327'0205 0.155397.7 0.1545s-2C 3.656 7.87
*,I 37-?5 5.730 -.I80

1.01 1 3 o7; ,C. .E+00 .1+00 5.86 4 ?.9 3

0.l 411 7?360332. E 10 0 F.#00 3.57M 1.7 A

,0 ? 7"o600c. 0.6237-0 7 0 6?07r-07 3.866 1.q33
[.5915P-07 3.176 t.qAR

0.565 75.367O0. 0.7117E-07 0.7517F-07 4.086 ?.0 43
C. i21?"-C2 1.71 7.141

0.6F6 I;r ) GJ. 0.11 7E-06 O. 11 -0 L r. 6 - .23
T. 706 2.3 3-

0. 7qo ? 616325. 0.t3sF-06 0 .1307-, 4.936 4. b
L.1 47*5'- cf, r20 6 7. 603

?.7(6 ?7]'CJOO. 0.1113E-06 3.1513-Ch 5.477 ?.73t
7 1'L - "I 76g ?.0 7. 90

1.117 '93-F7,22. J.?Ci7 -06 l,720.- 4 6.13L. 3.067
L .2415r-C'; 6.4I 1 3.306

1.35'. 1 fS- 0 3. 0.37L.-04 2.3565F-ul 7.09A 3.549
A,*777- G 8.073 4.037

1.757 1C 2'.0Cj. .E 07 .1f00 9.004m 4.5?5

SPEC!M .N NO.= T2~-- - H 6 ZC C3~~'. T H IC K NS - Wl H= 4 . CC 0

0.' - 0 . ...... . . + ..... . 5.7? 14 2.864
,37' 2- 6 5.7 q7 2.89e

1.39 28 'E-L , . ?Zi8L-21 W.b 2.93 3
,5. 87 5.2.

9
41

--C,t 35?.... - Q. t5f E ft ~ . 1 519F-.-6 C .5 I -

S . 37 2.9f,8

2.F- Cf) 6.i c 3.020
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TABLE C-7. (CONTINUED)

DATA rA/ON CALUL,ATIQNS OAMAr.r PAPAMETER __
A N STVDL

"  
FIMPLE THF EE PT. KMAX DELTA K

IN, CYCLt5 SLGOE (A s,0r (P) _1V r F

0. 366 2V C'r. _,E a .291 ?-C9 91q;-36 6.3 21 . .3..1
4 li - 6, it! 3.C52

0.9 _____ L.3ZFqE-CE 0.3269E-C6 6.9 -3 C93
6.219 3.109

0. 392 2-c2C. ,.31-SE 0. 74316-06 6. 2 V2  3.126
... %7'.>?- C6 6,.339 3,169

1.412 1 0 0 ,,. C.276 6-'b 0.2'62'-,6 6 .'.2. 3:21

0,5=75 G76.43F 3.217

0.4t4' '7 11 C. C____ C.176qE-6r 7 6qE-J, 6.444 3.222
C.2;5E- 6 6.49b 3.2-8

i. 4?6 41Q> C , 0.3 3tz~-,6 0, '362L-06 f ,5 47 3.?73
* .?' -- "tC.611 3.3.5

A44- I__;~ ..8~~ 1?3r-6 (-67 3.3'?
.1 J--6 6. 7C6 3.3 3

5 .49 4QCC,'., C. 3 30 --'-, Of., 3.q4, -:b 6, .73P 3.369
. 464 7cA CjjE-Cf6,821 3. 411

- .-E 6.9F'
31. __ 5 L_ -6 0. -1 1 -C6 .3.5 0_

r, 7.1c 3.559

- .53 12 .______ i + __ ' 6' -- !.592-

it 0339 5C.C ,c .F-+! 5.'?PC ..... 2.899
.1123-C6 5.8f 2.9cC

___.___3__ __ _ 0,105( - , 10 56E- 6 5. 521 .... 2.91c
" 947 .-,7 5.839 2.919

0.35 1 LIac0. C_ t. 2T7 E-1C L .05-~ ~ 2.928
i f! 3'- C6 S 914. 2.957

0.360 17L:c. - ., 9g.-.6 2. 6--6 5.971 2.9 5
7 -F 6.C2 3.01C

0.371 7101. . _2. .,q. t -C 6 . ?. 9 .L 6  6. . 7C 3.035
",21! 7E- 6 6., 160 3.L 54

'.380 C: ,2753'E-C L u. 25 '-06 6.1 .... 3.074
6. 19 3.099

0.392 2j r.- ,19.-,6 6.'14qS-96 3.124
" " .- 5C109 3.155

0 __6 .__ l_.,20__ _;_ _-"66 C._ C75F-6 E. 1'77 . 3.165
6, 30

"  
3 191

0.4_,io______ ___, _,_, C.1. -- O., r'.c-'6 6 393. 3.197
f. 41f 3.2'9

6.522 3.261
.&,33,.- C. - b.6 C2 3.3 1

f - 6 ! . 3 . 3 2 5
0. 4... - .1 , C.2?25-- 2, ?25.-"6 6.699 3.350

.72E 3.363
4.,4a c: 5,C*,^

"
, I. q1 Q: : I. - igwc_¢ 1 ¢ -, 6 t 7

=-  
3.3" 77

- ,2Ct
"

E-
r 6  

p,791  3,335
0.4c____ ___ .q1': .?1~ 3.41'.

.26. 5 F2 1.631

0.' 701 .1..L + , 5 +80 5,7 2.892
C.2?

1
2c-,

6  
5.823 2.912

0.341 qG
r
%. C.3 "JE J.3336E-C6 5.864 2.932

.,u3-65.94.? 2.971

_. ?66 l3o . , C.2of--- i C 1. 2669.-m6 - - .' 22 3.c 11
C q-cr--7 6.03i 3.019

0. 37J 110 1 C , 12' 6'-3.6 .122:6F-r; , 6.___ _
{ . .6;F1- .6 f.Oki 3. 41

0. 376 2 12 .1 _ .. 147'-CF - 14.7FF-Cf) 6.11 C8, 3.05'._
.1-, 75t -^b 6. 1 '. 3.07

0.382 2 " " r. I r . - 6 C .- 2675.- 6 - -. l t 3.090
.3-75.-C6 ", .22P 3.114

0}. 97 ? Jc .C 2. 4f " '--) F, 0. 24b3l-Zr. 6. ?qe 3.148

,. 1'c-.6 ,. 1 - 3.157
0.4 1 7z%0".. - 0.1. -6 E .11'.16'-3b f, 31 3.1f 6

c- 6.3E" 1.181
S. 1 125a- -6- 6,. 3912 3.197

6. 4C? 3 .2L1
0. __________ _ * ,2 ? C., 3- .2 2187E-'t F.41

r  
3.265

'5 3 77'.-C.6 6.59' 3.299
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TABLE C-7. (CONTINUED)

BASIC DATA 3 A/O ' CPL.ULATIC',S DAMAGI PAFAMt 
T
ER

A N FI"'LE SI'f-L. TH9zr PT. K"AX CEL'A K
TN. C yrL' S L (A) O 1p) ,I ffl, risF.

'..''2- P c,.7'' 3.357

SPrc CIMiNF NO,= f-'- '- -.
:  

"7 _) 5'. '63.2$ TC TrvNC'S '.s : w:3TH: .. ,C'

.0.56 ........ . 6t . .. . . ... .. .. Zc -.. 0. .7 . .- ,5 .. 11...7 5.53

" - .- 5 II ,2 
'  

5.629

.591 67 $'2C, . _ '. 62 b--5 O. ?.5.-35 11.412I 5.125
*.25 )£-L5 11.53 .7

C- 7.13 . -r .952 .916

'2? ? r' .33>-. e. 332
4

.A S 2'. ''0 6.173

6 f..5C' 12.7 4 6.15

_._O_ ... .c_ 0 : .. . ... . Z __ ___ o. 7M?3E-§ 1 .g2  6.2'

-- 1 . G67

0.536 6nO'* . r - 5 0.i7ki-,5, .1- 7 5:,5,73

- ''' 9- ' 1.3. .92 S,O.

-0 ,571 ._6
- 

75 II 0 -C j1 E1. 4 -- 051 5°.75

C. 6?, ' . _ C. f - 1. 95, 6.77

0. 7 r6, 23-' 5 .. ? 1.772 .
1 L 5 2.179 6.190.o 61 '' 7_ - - ¢ -7_ . .

SC .269. .. 3,..'--_ ' 3.1,9'.7-
- 

3 11.0 1t9?3

. 70 5-75 1 0 .4? t.7'

. , = " -C 1I . 4 6,.53

, 71..- "5 1,b' b'
L.76 725

"  
E . . J .34 25L-C' 1 . 1 7. 7

0 7 7 !Z 5 ----- I. 9 ,

0* .7C .'' i -[" ' -.
- 

'?173..-[ l?.f47 5,513

*. , '2-9 - 1', . " 57

[ _______ , A = 2.:-'' 1 3. 7"

5 2 5 5 CIl . 11 5 . 31

7'97' 1 . .[2".-5.27 -'. 7 F I I

0. 576 6 ' 3 . 5 6. 1*;3 1,-69 q 2913

, 11. 01 5,5 J

* .i' 7.- 6 11 .14 5..'.

- ~ ~ ~ ~ ~ ~ ~ ...2 7. 46- 1*9? 1

. + -- 9' ..... .. I ''
"  

3,9'C3
'1 ' .,?2.-2-6 7.°?4' -A I?.1c6 6.C a..

I ..- ' r- Z 5.719

I . 669 - . 2 . 29, t1 917 8
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TABLE C-7. (CONTINUED)

BASIC DATA DA/ft CALCULATIONS 
T
,AMAGE FAPAMTER

A N rIMPL
_  

THPr, PT. K-AX DELTA K

+++ CVCL... . S.......) .I'.... .FF. . . . . . ...... ......

0.674 7 '5, 10 . 7 7 .7 * E - S 12.5 3C_ 60.F 5-

2 r.-7. 2 q9 -- 5 1 . A 6 .3 4 2

687 .c 12.7C 6.395

0. 714 735 il. L.C' F+lo 12.8E 6.4-

SPECIM N NJ.= AL-6C-1-., YT Ln S'i kGT"t
=  

63.?C THICKNFSS= .5'.0 wIDTH= 4.1Cc

SpEC~ENY~.L, X1~ TOLcSF OC A V'= 11 _ST-ZSS qA'IO= 3.:J

0.765 . . - _ . . . Z . 1... ..... _,_...... 3. _6t

• 193 F.[ 21 9 11.9,525
24.239 12.120

C.721 735c00. .EO0 .E*IC 1.831 9.416

fl.1137Z 19. 704. 9.852

0.517 7C0. *C.?L61E-Cf, 0.2612C-.4 ZC.577 i0.2M8
*. 27 6-.CZ 2G.q3F 10.418

E + 0 E +00 21 . J9 3 10. 5.47-

074 735[00. .E+IPEC 18.5!8 9.-269
6.?jQ0':-C4 19.577 9.763

C. 7'.CC0 3.2EE- C. .h3-, 2C.i1 . 1C.258
, -2C.974 10.487

_0S2 741- . *E*F+00 21.4 1 - - 1.-t-715
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TABLE C-8. FATIGUE-CRACK-PROPAGATION DATA FOR 2124-T851 AT R = 0.250

AASIC r)ATA D4/D4 CALCJLATIONS OA4AGE PARAMETEP
A 4 STmPLE SIMOLF THPEE Pr, KMAy DELTA K

IN. Zv^ Lr ILOPF(A) 3LOPF(P) DIV.DIFF.

0. 4 71 1 C:. .7 f- .E00 3.I05 2.336

0.,27 ?orc)ooo . 0.3599E-37 0.4575 F-07 3.27q 2.4 3
.6072{-07 3.376 2.537

0.1;6 ?!?G16 . 0.6261F-07 0.6?41,-C7 3.1.73 2.605
C.6410E-C7 3.r7( 2.6A2

D.R50 ?73C20. 0.53491-07 O.Piq7F-C7 3.671 ?.759

4. 9 F- .23 3. 1 s
0,It It1 4 C . 0.1644E-06 G.1425-C6 4. 400 3.300

C 1 1 r7F- , 4. 6 3 3. 7
1.037 0.?13r3. 2.13E-Or, 0.1119-C 4.A?6 3.657

?44 3.133

6. 413 4.9M10
1.685 Eflo%2 F+% 700 7.214 5.4.10

0.335 1976C;3 F, 3C ,.+00 ?.593 1. 37
- C . . . . . . . . . . . . . . . T 3 .

0.31-c ?37;'OCCC 0.12F)E-07 0.23 4f-07 2. 6? 1.qb9
C. 2 814F- 07 2.67b 2.007

0.372 21713Gt ]. 0.4113E-07 3.415?F-G7 ?.7?9 ?.04?
6 . ; 1 10F7- C7 2. 931 2. 1 Z.

0..?A 7 1 C003. 0.1757P-07 0. I ? -907 2.934 2.200
0,-9 - - 0 tSF-r 7 -. - + -3 4 G -2. ? "q.-ttq

0 6.0 r Cs 7.033 2.125
0,.401 3 747 3 0 13 0 . I I5E -O O.11ct F -C c ?. li43 2 13 ?

C.I77r-C 7 2.173 2.155
041 15'71? 21 02. I - - - 0. ? 1 r-0 7 0. ?572f- -C ?.90 qO 4~ 1 .1

C . 4. O O - -2. q76 3
0.463 >h73++3 0.2265-07 3.219E-C7 3.0Q9 Z.287

0.750F- 1 3.056 2.2 q

- . 3 ?02- 07 3.053 ?.22
0.45 2?1cOC .E+00 .F+03 3.02. 2.268

I .... cc 0 . . ...... . ..... . . 115 2.1 1
797

0.401 ?07650Cr. 0.21'1E-O 0.3165F-GR 2.835 2.12S
1.36z2F- 2.94 1 2.131

0.606 ?1730030. -. 1S1-09 -. 1.91-c- 2.47 2.136
-. 30-09 2.R36 ?.127

0. 3q 2?73: 3- 0.100--01 0.5 01-L9 2.9OQ 2.11
IAkCF-7 2.957 2.13

0. ?71 ?3?002J O.135-0 1 0.13?5i-07 2.490 2.167
A 4 ,Cr-, Il .905 2. 179

0.426 >473jC2'. 0.IC73F-17 0.1)73F-07 2.9?1 ?.190
-*1?3W-C7 2. q4. 2. ?3 1

S03? '.lb2l(-r 7 0.1il7F-C7 2.q57 2.225
. r.06-Ti 7001 2.251

0..55 3?2C%;. O.9939-C9 3.q,657-19 '.036 2.277
C I .2F1V 3. 0 36 2. 277

0. 455 ll 6 P<C2. 0.? .3F-C 0.554L31-09 3.036 2.277
3. 0 422-? ?..6?2232?

0. 4F6 '9 E37J +10 D + 0 3. 049 220

SPFCI rN N% .A-L4-I-. Glw 3.2C T-1 2. 3C w.OTk= H,. A

0. 335 30l . _.10+ . Do0 _ 6.250 . .694
Cf, 6K .6 ,22 .71 1

0. 339 .C' 2.SC-6 a r o E -C f .3 C. '. 7?8
C .91.6E--6 b.39 -. 796

9 R4 '5L- F 6. 491 46. 5F)8
0. 3 6 9_ 7 P_ T 6. 56 7

.25l - C6 f.tC7 5. C0
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TABLE C-8. (CONTINUED)

BASIC DATA DA/DN CALCULATTONS DAMAGI PAPAMTER __
A N S I?LL SEPLC T _EE PT. _ KMAY DELTA K

IN. CYCLS SLCPE(Al SLOPE P) DI V.01F F

e.3' 3..C.46? L-31- ~.L6 ?5L-P6 _6 .74 6 _5. G6 0
, * I Sr- 16 6.756 5.06 -

0. It qb 1. Ic ci. 5. 3c-C b '. 5631-36 6.766 5.1 87

• L -5 -' 7,- I, 8

.393 %Il,i. ' , L2-IF .5803E-lb 6.3bF 5:162

. . V -.. . 5.?Cl

0L13 __c 1 l_ icC - C,'1 c 5 6.9-( 5.21-
7. 12f 5.3,.5

0. __0 17____ C.131.3c-cF % 315E-15 7.2_ _ 5.1.9
%±:7.- .6 7 5.52 5
o - .46? 6.132F9 7.47F 5.617

' 5 5 79 5 1 685
.iL 2.66! .5 _76, 2

'5? .751 5.813
70c, C. 5 .1tF-3r _ ., i3g-5 , __265

0.513 ?,;7 c .1C1'c 5 9LC019-C5 '.9'o

1. UI L5 - '5 _cc _3- o, 4J 7

0.53 27' _. , . .it. 7-:F 1 .115 -'- 5 A.6 6.1!9

~.559120C Ci?-7 C1291,F-J5 8. 759 __ _6.26q

-- ,5 6.379
D.Sq2 6.6CRC .16-S__ .51___ 6.1. 8

C.622 3. L 
9

-C .IE15 39c- i. q2' 6.591

1.653 3CC 2 9.,. 2~T q.27 69c 5

0. 335 33J3i . .t*L. .E+00 6.2S9 4.C94
. ~ ~ ~ ~ ~ ~ ~ ~ _ ,70 - -'T -l 1 -- - .*726 -

0.343 ..'.L,. 3.6275E-C6 0.f;275E-C6 6.343 4.757
.. .. .19CE-C6 . 6-364 4.773

0. 347 1222 2.4617L-CE ,.1
383

[-LI 6:381. 4.788
-- To . 43 2 4.824

0.3F7 7,C 1. J.4C75L-CF, 0.467SE-06 6.460 4.660

0.366 9 Cc . - 3.5337E-C6 - 0. 5337L-06 6.568 4,926
. .... ,17!- 6 E.628 4.971

-.. 22 7r-C 7 U..1C, e-05 b.687 5... ,16
0 151 -95 . C A,r'

0.3 9 1 I. C.113.r-E 3,1i1t-I5 6.dAl1 5.161
C 1?63'-o5 6.999 5.249

0.424 1 s . - 0 129E-C5 7.117 5.338
C.1725 -^5 7.2t., 5, 3c

17 c_.A Q -5 c 9 E-C 7, 3E4.. ... .
C67. 422 5.571

0. 46. c~~' 1140e8-" '_I5.618
.1: 115r_z 7.591 5 6 '

,8 6 ?!'C ___________~1.-5 -0.11,cr- 7. 6 OC 5.768
.. 119-CS 7.799 5t 9

__....- ,~ '9- -' t_1
33 

-
5  

9, 5 ,9!3_
A.r2f6.027

3,5 _q l ... 1 _20
- . 

-P__ _ 1 El - 5 2_ 3_l

5 .26,5 6.2 C1
-,561 e. .. i5-r5 171115L-75 , 1 6.278

P.4916.!61
0,505 ?'1~. ~ ,554 ,.0. 5 ,592 6.444-'

C Z10 -]-. 5 *,75t 6.5E 8
_L- .. ... _-= _ _ g7 - --------- _ - _4 5.693

.1 73 - CS 9. L' 6.813
__c 655 - .2ZEC Z.'.~- p245 6.9'4

0.333 
3

OC0. .C ' LF + 6. 23 4.652
6.275 4.?C6

C.339 r.1r'. t.762_"-6 __ __27- 6 . 37 ....... 4 .7.0
1 c8~)- 6. 351 4.7b3

0.34q 5C. 0. C.891'L-CF r.6883 . 6 6.395 ,.796
~ r. 66. 48! 4.862

0.366 "C. c,21 ? 1 - 6 0.9212L-'6 6.571 4.925
,9-

5
7
-- - 6  

6.66? 4.997
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TABLE C-8. (CONTINUED)

RASIC DATA DA/ON CAL111L TONS OAMAC FCAKAMLTLR

A N '''PL E PIMPL
r  

'H;EL . K-Ax DELTA K

IN. CYCLE' SLCO- fA} ILOP.() (IV,)IF
,

+ * 44 +4,4 4 4 + * ...... +* 4 4 444 . . * +4**4 . .. .. .. . . .. .4 . . . . . . . . .

S.1i12F-:5 6,-7 5225

0.419_ 1 96 Cb.9 E -966 3-. 7.072.

6 7. 19, N.3t 2

7. 3 1

4" 1.. , i C T, 175f-CY 7. 11 N.;-

S.L 1 7.67'b

?. 91' 1,9( I

4 4V'" [..N *,r o7.

q.4 f, 7-

SPEC IM- N NO. _j.-' - -. ? ' .T T- t 6. H THIrKNES3 .. N J WIDTH[

0,70. 3 6 3 0 2 14 . . q.633
12. 971 9.728

_0 ._71 ' 5E2 C _ ..... . . . '9. - C5 "3 .. . 9,7g_5-"5 ... ..... 9, ' 9.923
3. 216 9.612

I . 740 37 JC. C .4" C-, C. L46CE-C 5 13. 331. IC G LI

. 755 . 1 r C .7 EE- C I u'.' 4. 11.?21

1.971 13.481

1.56? _ ':' .. .... o.1221-_>. .... ., 2T'7S .... . 1 ,.9fF 11.1z

_0. 816 38 0 , ... .,1 'L"-C r 03. 1'625 -4 I
.
. N7 1.7 

?

n . 1 3 29 2n 0.E-'5 11- . 1 1 .1. A 6
I11,.. 7"91.5

46 2 LIJ- ! 0 ':. ., ?"C ... .. ..... ......... -'I .

0. . I*FZ 61201.9 11.9 7-

a.793 1 3 - L 13 215b L 17 .9 10.499

1.. 15 >~9 51,. . .1 1.. . ..

0. 9s 34 ' 'C r 11__ __ .9 t - L ?.25t-0 14.2 7 1 .79

" I L J -- 15. b79 1 1 .7519

9.22? 74 7 7. 96 1 14

99~' u.~q-' .CC~ 15. 1 8 147

_-k 27 748- - Jv 5 ,F, +9 ... ........__ 13.43qJ ... . . 10.0 7 9

0.61L- 1 .210

0,_. 7 _ 37__ r 16 .... . .. . . .... . . .EC 5 b. 9. e -_0 , 1 9 . ) q 10 . 4 4 9

] cc-- 5 1 ?fl to .695

1- 1.- rl-1 . 1 C- 7 L ,,. 15.2 -1 C 1 1 .41 7

.0o9 '9?'C. L .11l'E-,L 0.,1'6t-L'. N55. 11.6(2
15,774 11.83,
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TABLE C-8. (CONTINUED)

AS,COATA nA/D CA CULAT!UNS nAMG. VARA"ETER

A N SITPL FIMPL
r  

THE PT. KO YAX DELTA K

,N-_eS_ _ S a LOOF(P) OIV___UV , _ ___

j.q4+l zq5 -^,. r.t373-C'-C T. 1 515. -C{ 15.99qp 11.995

0.161JE-G4 16.113 12.c85

0.957 'fl "I. C.ei 16 1 - .J-61 
0  
E-- 0 16.27 . 12.17 1

16.345 12.2S9

1.974 ' 7O 0 0.15-5,-C' J.155" -C4 16.4f 2 _ 12.3 7
{ •1-9, -O f . 57? 12.4+2 9

C.q8q 3.p9 . I.167E-C J.1663T-114 16.6P2 12.512

.. 1'2^E-L- 15. 74b 12.560
q. 9 q?'? .1 1 'It F=Z- 4 1365[- 1 ... 16. ill 12.6C 5

..1. :-:4 .. lb. 8 9 12.636
1. 0u2 3 1C Ir C '. 2 . F' .-r .2o04 r-"4w lb.887? 12.665

.4 17.0r 12.7S 3

117 31clClI ~.7792-C 4 rF,638 .- E 1 71C 12.8'.3
4 ,17.177 12.88 3

1..FC . 0
.  

17. 2' 12.925

o60211, . 1 +0 0+0 14 5_7 10.8.3

I4.6 989 11 .; L.

0.97 3,5 C. c.9760 E-C5 C. 976 -15 -- 15 .F?1 I - I _+- C

2 ' 5'EC 15.6LF I 1. 7 '6
C 6 r , 573' +-t5 3, 73C?-15 11,.775 11,831

0,965 375'12. 011,.€-.4 O,11:62-CL 15.371 12.2 4
16.871 12.653

1.936 !-Oc-. 0.1'9 ---L 1.2C-63-
-
'. 17.-I:_ 13. 58

2 
0
J- :. 17. i9 13.419

C 3C6 -3 G2 _. 0.2L.-OL C.Z4q9E-). 18. 372 t... 13.779
C.2 '%P_94 1. 9,.! 14.2 9

1. 161 3i5 Z .29'7F-64 0. ?16oE- AIt
= l  

1o3

C,? J C 
+

19.43! l..876

1.195 '86. CL.?'7- _ 0._2''-. 2.1ri 15.114

?41 ,-=7( C , . . .. . . ...C, 2';-r-CL r 254'-: 4 Z!. 171 15.878

21. F7 16.322
._ I ~~~ ~~ - . ,h -+ . + C. ( 760'-'_4 22. 3-Fc---- _10 _.7t;6-_

S., +- 2?.7qr 17.096

13 7 1 C.A2 . 3. 8255,-.. 2'. 23 17.427

-
r.  2?. 871 17.865

~3U3 3 ~ _C.1 2 7'rZ1  C.A 22--Z 2'.. ~ 1.3
3  

25. 5S! 19.166
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TABLE C-9. FATIGUE-CRACK-PROPAGATION DATA FOR 2124-T851 AT R = 0.100

sPEIc0F I A F r, r. I'40 I YT LL)V- N.7= 0 S0IS HT 4 0.30O

9ASIC IITA 04/3N CALCJLAY13NS 3A4AGF PARA4fT IR

S I SIMPL7 ST MPL F T4QFE PT. KMAY OELT& K

N. C34LV SLnPF(A) SLOP(EP) r)V.DIFF.

0.'. 117'23. .4.0O .7100 3. 4? 73.0.

0.q ~ 8~.313 5 4-3 6 0. 13 E0 f 3.85 7 3 4 7 1
G4 . I t 9..1q 3.707

0.7.7 3 1560>. 0.15530-36 0.15S30-06 4.311 3.q4

o.q0' g333. Z.?031E-06 0.20C3'-06 4.CkG 4.419

- -- - F7 - I-e --- - -1 - 7 4.7

1.1' 7 5 3 C . .5736E-06 0. ;.7 -0 6 5.7i.t. 5.170

C.* - 6 7.q3o 7.137

2. 053 S q I+,0a 
1 0.115 9.10.

0 . 43 0 1'k7 f,3. .7+03 .70 3.722.4
- Oi 3.458- 3.117

0.517 ?3TLC0. 0.21"-LN- 0.1390qE-0 3. 64 3.2A0

c.I135- ' 3.153 3.468

0 . 65' 3 64,0Z3i 0. 1 ?8.F- 05 0.18-C 4. 0 ,? 3.hss

6.137ir-C6 4.297 3.867

0.792 '8 C- . 0.15517E-06 0.1553(-06 4. 531 4 .071

- - - - - 1 4-.~ V- 1 5 3 - .341

0.9,
4  

630. 0.7223-06 J.24270C-C6 5.114. I.603

C. 31CV- C6 5.561 5.015

1.775 2 0.321. O.31'. -J6 3.3796F-Cb 6.?39 5.581
. 3 F 6.244 5.f,2 0

1.?qt. 6FtC. '00.10 6.780 5.6r2

.c 1. 59 A - - .rc .f+0) 3.34q 3.013

0.q6 27, . 0.74?4E-37 0.7q64-0? 3.75. 3.379

C.'4'3. q 3.80 3.45S

0.015 356 30. 7774E-37 0.7720z-C7 3.9q5 3. 3

71061~-~ 4. toq0 3 .f'91

0.771 C.567333. -0.?1?C-00.11?-6 - 4.2 3 3. 8b

0.8 A. 585? r. 0.15607-06 0.1551f-Cb ..706 4.23

C.I 87- E1 5 4

1.033 (l3?3c . 0.1q5 F-0 6 0.1103E-06 5.345 4. 81 4

1, 17 0- G6 5.35A 6.82

F.3 + a1?3 + 0 970 5. 367 4.A 3 0

SPFCME 63.* IL-6-1-.I =YULD 'T)NV.Tq= 53.10 THIf<4N057 0.500 AT)TH= 6.000

SPP IF N T Y: 4ri',M f T ) T 1 
T
Pf LOAr= 3.030 ST6LSS Ql110- J.100

0.514 ?3.14 1 0. C a .E02 .f+00 3.11111 3. 493

- - - -- -__ - 0 61 .ul,E8 1. 671

0.1 7 13 0 0 3..1.70 0.18-b61'3.6
O.11SF-C6 .510 4.054

0.733 2 ?%90 . 0.t6qoE-06 0.1 0-06 4..724 4.75?

p.77263C-6 5.135 4.6??
o .q1 , ? 7 olO: 0.421.3E-OF, 0. 4 ?? 

- 0 6  
5.546 4. 941

.... .... - -3 r, 3 0 6.774 - S.oq -

1.556 ?77'10 . .E+00 .f+00 8.002 7. Z

0.510 341003a3. .E400 _ .k40 3. q64 3.478

0.35 ?479onCi. O.37337-o7 0.3iA1F-07 3.q66 3.56)

0.4610F-07 t..057 3.651

0.541 ?rl?030. 0.5115E-07 o.915E-07 4.L48 3.733

0.7?20'-C7 4.287 3.859

O.GSI >6' 0303. a.iolqF-C6 0.111?'-06 4.42f, 3.98'.

4 .686 1 27

0.79 77 37300. .E00 .F+00 4.945 4.451
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TABLE C-9. (CONTINUED)

BASIC naT3 ODIN ALCULATIONS DAMAGE PARAMETER

A SIMPLE SIMPLE T4QEE PT. RMA DELTA K
IN. SY,LFS SLOPE(A SLOPE (P) DIV. DIFF.

0.553 ?,141Cc3. .E+00 .F+00 4.039 3.635

r6r-Tr __-_--- 1.151 3. b

0.611 271^0? 3. 0.9040E-07 0.9750E-07 '..263 3.837
0 .1136E-06 4.1479 4..031

0 7 ?;_?go0i). O.1714E-0OS 0.1733)E-C6 04,694
,  

4.224

0.23142F-Cf, 5.126 4. 613
o.95q ?Ooo. ,+30 E+00 5.556 5.G02

SPtCIrN Nn t -L1A-v-.: YT -LO T,fHr.7H A .
3

.?C THIICKNESS= 5., 5. WI'OyH= '.00

*.31 F E + FO .r0 1. 797 5.217
5.83q 5.255

0.35
n  

E 0 ,1 . c .8 8rbE-76 0. 8550F- 6 5.88' 5.Z92
79 E- 6 5. 916 5.321.

0. 355 7 ___, C .6A7,E-.-E- 0 .6b375T--1 5. 9'2 5.357
. 3 c E- C6 . 973 5.376

0. v6' * 7 42 5 r-C 6  C.5 4
2

- 6 5.995 5.395
1 " r -55 6:0 .c 5.4 36

0.373 ECt . C.517r1-0 t> 9.5175E-,6 6, 5.4.76

0.37! 1zCrol. 0.'25.E-' 7 C.72c0r-C7 6 6187 5.1.78

~- 566.092 5.1.83
C.375 j! _ o r..17 E-.F' C .175E-r6 F,.097 5.485

r. -Tb 6.129 5.516

0.382 11 '0- 0.101.11-5 0.1 1 E-05 6. 1 (" __ 5.5&.5
SE56.229 5.6c6

0.397 t_ , .86?!E-CE W.865E-2t, 6.299 5.66 S
-
6 t. 3L5 5.674

0. '4gg il ,3. L.427 -,z- F L, L275_E- C C 6. 31 5.6 8 1

.6 3"-2 b, 42 5.708
0.43( -S.6572EF-06 C.6575E-^6 E,. '72_ _ 5.735

F. 399 5.759

C.412 I1[C _ _ _. C. L- 0.144[.-.C-5 6. 4.f 5.786.

F.681 6.013
0. ~ 42 (.121- .1213E-5 0.74Z 6.065

- .Q O %- 26 -&. 7PL. 6.1 6
0.,459 Il, 

"  
. 7 r 6 G.'975--C6 F,.9 E b.11-3

v. A51 6.iE6

0.1.65 ':1" '.77' -E r. .777'E-.6 .(.71 6.189
6. .91T 6.225

- .1"-- 7.n29 6.327
G2r. .F+ 01,€C 7.IL2 6.392

0.3* 50, E+Z L+C-.O 5.827 5.2 44-
Z.A.2F!E

- 
6 5.A.( 5.261

0.31.9 blco:. C.54,E2-0( 0.!1450.-Gb I C-C - - 5.2 79 --
C~~5 .$5J-C a,5 5.3C6

7r-55 .E47* t i,Cf75- C F4.575 E-6 =,92s 5.33_3
.4,EC - -6 qL5 5.350

03. x.C.981 E-C -~. 9825-!t6 5 .96'. .6 8
-56-7'2 5.4.29

-G. 75 1_ r_ ~c . V_t_I 5.~-13t _ _ 353E--C6 _ 6. 101 -5 .49 1
6.1(7 5.1496

0.376 1 . r 8, 7 C .8787, -_ E-6--E- -6 6.113 5.5t2
* ~:.~t ~6. 183 5.5b5

0.392 11 VZ- C.112'r-C5 .. 1,28L-15 6.2!4 5.629
6.271- 5.51.6

0..3,4 116-1 3. SgMCE-06 - F.293 5.6E4.
6.32S 5.693

0.14''. __ 1 '1.121-FE-.5 -C I215E-L-5 _6. 357 ---- 5.721
.ii7.,t-C5 6.4.3C 5.?87

.6 . ; 1081E '5 1. 5.871

C.6 1 r06 62 A-I F .6625f-:6 _ _ 651 __5.889

0.1.31. . _ 9Qi-6 . 914 -C6 6.6 17__ - 5.956
* ,1?- . 6.661 5.995
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TABLE C-9. FATIGUE-CRACK-PROPACATION DATA FOR 2124-T851 AT R = 0.100

SPECIM* -z A L - - I Y T ') IT0N LT '..0 S THTr<4 NSS= 0.0 WITH 6.000

* * * +.*4 44. . 4 4* 44 .. 4~. .*4...*4 ++ +* f +.*~ 444.44*4. + *4 *.*4 +44.~44 +444* +4,4++ +

RASIC I iT nA/DN CALCJLIAT1NS OAM1GF PARAMFTFR

4 ' SIMPL' SIMPLr THQFE PT. KMAY OELTA K

IN C tY Lfv SL uPE( A SLCP EtP) 0UV.J0F.

+*4*4 + .44 *+ . .. .. ..44+.4 +4. +4. . . .. .44.4. +*4* .4 * + 44 4 + + + + + + + 444* 4 +4+4+

0.471 t7A2. S 731 .Ff0 0 3.427 3.0

0.'96 ?976203. f.1354 - E, 0.136 R
-

06 3.A?7 3.4.71

SI541 E- 4.I q 3.707

0.747 33150, . 0.1553-36 0.15535-06 4.331 3.94 3

c. 11144- 0 r 4 .64 f 4 . 18t

0..04 43002. 3.201E- 06 0.20C3r-06 4.q10 4.419

4-o -4 % - -5377 .71

1,147 5 SI zCI . 0.57i6F-01 0. 7 (3r-0 6 5.744 5.170

C q 0 CF-C6 7.130 7.137
.053 f,It;? ] E + 0 a 1 0. 1 9. 101.

0.43q 17632. .-002 .E+0 3.27 2.945

i.5 - A1r 3.11?
0.5W? ?976C]. 0.1J)99-0l7 0.1390E-CO, 3.6.4 3.2 0

-6 3.651 3.268

0.f54 3 56 . 0.1?4- 6 . 12--C-6 4..047 3.655

1.1371 - C6 4. 97 3.867

0.79? 495FOC2. 0.15517-35 0.1553E-06 4.531 4.075

____ - 4 V- 3 4.31

0.944 5'52272. 0. 2423F-0A 0.?207-C6 5.114 4.603

C.1C9F- 6 5. S61 5.0t5

1.?75 69522'. 0.3143F-C6 3.3?96F-cb 6.?39 5.551

.330F- C 6.Z 4. 5.670

1.9 2 q c? c 0. ~.0 c.7r+.Ff00 6. 293 5 . ; ?

0.459 ti7fG 2. .-E + . +03 3.34k 3.013

I o a.. . 3.5st -... 1.1

0.r67 757';ZCI. 0.Q4 7E-37 3. 764-o7 3. 74 3.3?9

c3. 440 3.45s

0.615 3 94kC,0 3. O. 77 7 AE07 0. 7 7 237-17 3. 9 ?5 3. 3

*.1061c.76 4.104 3.f9

0.7?1 495 323. 0.1t4 1-3c 0.11 4?-c6 4.9 3. 86

c . 1 ? q q . 050

0.A4 1 55 ? I. 0.15f07-F0 0.1553F-C, 4. 706 4. 35

C.I I9 97 6 5.177 4.54?

1.233 2 c . 0.1q5' -0 0. 1134F-16 5.3K. 4.A14

2.IC73'-26 5.35A 4.9?

I.3 . . .saf09 5.367 4. 30

SPFCIN ME - t-I-l-. YTrLO ' T)N,TH= 63.?) THt'>(N'SS= a.500 413TH= 6.000

SP¢c!47N TVy': Ir, - , '-IY T 4 TD ' '1 L3A3 3. 320 '10TE q 3A . 00

0.514 ?310C). .E+o . 0 3. 3.493
-- ~~ ~ ~ - D 7ftI r 6 -- ait8 6

0.613 7'0g0C. D.1164E-D6 0.110E- b 4.216 3.K66

2.11'S!-_6 4.510 4.0s

0.733 2 2 qcC3. 0.l6R0E-06 G.15qOF-06 4.724 4.?5?

0.2?7?6f 6 5.13 4.62?

i.9-5 ?5? 3C2. 0.4243E-06 0.437?7F- 6 - 5.5146 4.991
3 6.774 5. oqs

1.556 ?7733. .14C2 .F430 9.002 7.202

0.510 7341003). .+300 .+30 3.964 3.4 7

0.-35 2.?9705C2. 0.37)1E-07 0.3591f -07 3.966 3.5:6

0.4610F. 07 4.057 3.651

0.5A1 75171033. 0.5315E-37 0.5915E-07 4.148 3.733

0. 7 2 10r-17 4.727 3.959

0.651 ? '7)30. 0. 1aAF-C6 0.11t 7-06 4.426 3.954

_____,K47A,- 4.686 4.717

0.792 772 V32. .E 0 .7f+0 4.945 4. 451
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TABLE C-9. (CONTINUED)

BASIC niTl OA/lN CALCULATIONS DAMAGE PARAMETEP

A - SIMPLE SIMPLE T4QEE PT. KM4X DELTA K

IN. CY^LFS SLOPFIAI SLOPE(P) DIV.OIFF.

0.553 ?141GCOJ. ,+00 F+00 4.039 3.635
9 .- 6..-151 5.735

0.611 '? 1 '7'2. 0.9040E-07 0.87805-07 4.263 3.837
0.1136E-06 4. 49 4.031

0.724 ?;-?900io. 0,t714E-01 0.1739E-06 fs.694 lo.2Z4

0.2342E-(S 5.026 4.613
0.959 ?'?q0:3). E+30 ,E+00 5.5s8 5.C02

SPEC ImrN Nf).= L C - - I Y , Lr) T r;,rT H
-
= AZ.7 THICKNESS-- .5,0 WIOTHT 6. ace

.S ...IIE N .LTv=-:C S t_ i' S j CACE -5.s r/ _,T';f Sr ;ATIQ TO= .1 ?c

4. 141 .141: ,EC*00 5,797 5.Z17
5.839 5.255

0.35., GzO.M.C.855, 25-lb 0.8550F-C6 5.88,' 5.292
5.916 5.324

0.35q 7,^,. C. E F,-!7 0 .6375T-06 5.9r2 5.357
..3C E-C6 p. 97! 5.376

0.1, A',," % .71.25r-E6 C.7425 f -: 6 5. 99-5 5.395

-6.0.0 5.436
0.373 40co. ^.517cz-O b .51755- 6 __ 6.8'. 5,676

6.cbe 5..77
0.373 1 zcOC..... . 0 .'25 E- - r. 72,3E-C7 6.C87 5.478

r66. 092 5.483
C. 375 1 . . ' .. 1 E-1,6 C . L175E-r6 .097 5.483

6.129 5.516

0.38? . _ . . .. . ." , -C 0.1o1 DE-05 b. i --i . .5.515
S-.56., 29 5.6C 6

1.397 lfk.2 68E-OE %46'5E- 2b 6.98 5.665
. E, r t,.3L5 5.674

;199 4. Z 7 CF 4-.275E-CE, 6. 31Z 5.681

.63-J--CE 6. 1.2 5.70 8

_03_ _____o_____-657,5-1F 6__C 757E-^6 f. 172 5.7?5
f. 1 - 6 6.3.99 5. 759

C.41? o1 x: __ _ 6.1 -LL 0. 144CE-25 b. 42(---- 5.784
F.523 5.871

6.681 6.013
0.449 V I.) 1. I .121 3E-i, .1213E- 5 .742 6.068

". 7 - 6 6.7 ? e 6,1 6

0.459 I4": •.7g'.L-r6 &C-975.-56 F.8 6 b.1.3
o.51 6.1E6

0..65 7V::. •7 7-.6 .7771E-1'6 C.577 6.159
.6 6.917 6.225

. , '.. - 7."29 6.327

C..9z 27r.i:. F+3_ _ .r _0 7,1_ _ 6.392

,31 55lo. ,E+C. . +C0 5.827 5.244
.4?2F!E- 6 5.14(. 5.261

0.349 6 t 0 C.54,.'E-O 0 . S 450 -06 q, ____5.279

z 5. o0a 5.3 6
0CF55 . ,.5'75z-CF C.F475E-.6 C.92F 5.373

49C - .6 ,95 5.350

0. 36 )>.C9'EC 1. 98251-C6 5.96'. 5. 368
.:'3~.56.Z7'2 5.429

00 75 ior c. -.1.- .3 0-C6 6.101 5.49 1
.i'~:'f - 6.117 5.496

0.376 1.).' .. 77 "- _ t. 7 .5-6 -6. 11 -5.5C2
I . 16 5.- Ct 6.183 5.5b5

0.392 WI':17. C.112*r-C5 .. lL28t-" 5 6.2. 5.629
6.271 5.56

0.317 1'1 0 ___ 502:. "6 0°.!9"CE-06 A.293 5.6E4
.7 .'.- 6 6.32S 5.693

0.4''. L%' . I.22- .215E-L 5 63 57 5___ 5. 721
.13 .r-55 6.4,35 5.787

.0 , ZI_. I L-.L, _," _ ___tL1 - 1. . 0 tET-.5 6. 5, ,4

4A. 6 5.871

3.426 .. .. 5.1 .. _. 6625E-.6 . . 5__ , .4 . . . 5.8A9
6
.5FL 5.92?

0._ 3 ..... _ * -. 1 ._ 
1

.E--
6 

6 6g6z __ 5.956
d,r.- jb 6.661 5.995
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TABLE C-9. (CONTINUED)

+ 444444* 44 4,*S............4 4 4 .... +4 ...44 4 44+ 4*+*+#++4*+....................... +++

PASICnATA . CALCULATIONS O { AMACG. PAPAMETER

A N !IHC'L' IM
0
LF THPFF OT. KMAX DELTA K

_IN . _ _ -N.h- &SLO (AS OP' 0 
(
Dl ..... V3rIFF.-

-,.15 ,, '9.7 I -,.. 6. 79

-A. !56 I' . -- I.~?2tC 21L2X 5 F CL b.1 '3
6.,,7 6.171

E . 97 6 . 3

5 7. Z? 6.32q

'. _C-. I C .I05 ' .. . . .1 Z , - 5 7.1C 1 6.391

4 , - E + 7. 1 b
.3 7 19t"J...... ...... . t _ .. ._E.6 C t_ . .. ."' 5 t .7,26

t.o 3 L,7 _ -. .5 'J . .. . .. +C i L0 +. 051 S.206

'.66'.S.?96

0.354 2 ,%. .. 639f -36 . 3l4r-6 5.917 5.326
,- 5 f f 5, g9L ~ 5.3.7;

. . C - 6 6.9I.3 7

J. 37^ L ] '* C •75 -C t O, P 7rlt- C6- 6. 5 2 5.,- 7

0.,377 9 c i z. L .;125- F L 1 ? S - 6 6.12C 5,r 1

J.3A?f ... I r F 5 3 . 102'.5-L 5 5 .57

.. cIC i5.5 " 6. 31 5 .E7
9,394 11C ' _______ .g5"5 -J6 :. 5GsC -[O _ _ ._31 5.671

0 1 
-  

E6 6.31' 5.69 7

0' .I : q C 
6
5LTt4 9 E - f, .377 5.740

'3 7 5 7 3

I 0L s5F
7. .. . ... ... . .. ... . ... 5 .8 7 3. 5 .. q-76

116 . ... -, --- - t 5 .5 6 6.63? 5.969

.( F 6 'L 5.95 1

.,1'
- 

1 - 5 6. 6 6".7c

9, Y. r.12' - 5 ^.1275E-35 E.3 6.1-7
,7

" 
, = :6t* idb.I 75

0..-" " , " -6. 11 6.46 1

.'- ''-26 _.91, 6.23'.

. ... . . . . .... ...... .. . ... .. . i . < -7 . . . . . . . . . . . . .. - . . . . 6 .r 6 . 7 7

SPECIM4EN NO. AL -1 -1 4 1. T9 '9 NrTH= t1.IC THICKNES3= J.5CO WIDTH= .o0

S PE CIME N--Tt' C ', lt 'iI C,TzI S l LCAC= 7.5CC S'05S , -ATIO .*13C

4 0,'.99 _ 7755 ,_ :E , C ... __. 0 . . 9. 71 1 . .793
9. R4.i51

0. 51e ?l "} ,O, 93 _.- 0 ,] .- ol 9.91C q.919

F ,. ^ - 5  
I 1 9.011

__J, 5 -.. . . r. •. .. r ? 5 . _, l 25F - 5 1r. I 1 9. 1 r 2

I. 2-7 9.241

_1.5 S__ . . 7 j r.. .35L- r. 4?1 9. ! 79
1.5' 9..91

9,579 ?,5...° CL;_ , jr-2 , 4.5'C L-C 5 Ir.67, 9.60'
10.7- 2 9.721

0.'02 -2 ... C . 6V '- 5 C. '6.55 -5 1c.9.! 9.85 j
1I.CE'. 9.955, 2 -4 lI.lq5 IU-75

.677 r_.5 1132f 1 .194

0.67' ' 5
-  

.. . - -rr , 1. 5t .- ,5 11.691 1o.512

~ 59' 10 .70 6

A 705 2Q. 5. -_ C._ _,676_:
5  

__ .063 .......... 13.A-.
F '- 5 12.285 11.0 56
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TABLE C-9. (CONTINUED)
.............+44* ......444+++44++ ... 4++++t++++4++f ... +++* .. *++4 4++++++

BASIC DATA DA/fN CALCuLATTONS DAMArE-_PAPAMETER-_ _

A N SI MPL
r  

SIMrLT THPLE PT. KmAX OELYA K

IN. CYCLES SLOPE(AI SLOFF(PI DI V.IFF.
* + 4 , + + 4+ + . .. . ++ *.+++ .. + + +; + + 4 ++ + + 4 +4 ++ +++ + 4 + -+4

_0._7.__ 2. i' 1. ____ 4 -2 (C.765CE-2, __ .12.75 11.228

* *.87 .?C- !5 1j, j.71 il.465

13.1'L 11.817

i____5____3 _ Z.8>< C. 882.?uE -'5 13.521 ____12116 9
S1.66F. 12.29

'.549 L.jRr7C 19~'5 ~2.427
-.1 -"6~ *.- 313.971 12.57,

.;9-4 14.39f 12.94.7
9_..14 _57C - ,'57 -C. 14,6'2 13.173 _

~IL RV4.2 13.34'
__,9+ € = __. *.13 =-5 .. 16:' 15.015 ... 13.51 x

15.13f 13.622

1.961 ve... ,I.E-2L .+,'--. 15o257 13.732

~ ___ -~_______ 14 21. __ 
5 2

.j-;. - i. 3ac 13.9532
9 9 ,9 15.53 13.933

f,991 ___6., . . ,14- - - Y -'E -.. - 11.6A? IL 4.114
.J3A. , - .- .4 1F.81P 1..

2
36-

. i., It_ 29__-q- 0,__ 1 'F -,4 15 . . .. , 14- -.
. ,2 

+ - -  
+16.12,- 14.512

1A !J4, , C Ci ...... _ _7! - C' 9 0 2 3 T7 F . . It,29! 14',665

l..41i 1..775

4 1,. 737 15.C63
__L: 29IEr. ... 15,2+,

•~~~7 1 PF - ' I , 15 ,.46 5

1, 109 YC i .c. O.Z656F-CL 0.1343E-04 17.438 15.694

P *7833E-r5 17.457 15.711

1.112 3 3310. : 'l E+cp 17.476 15.728

C,, 1'; "7 ' " * 5,+- .• .00 9.942, 8,9+ 8

1ic.?3 9.021

5 - 2 %')1. C.452?'-C5 0._t.12AE-05 . .. .L4 9.094
1'.25 9.225

0,55 2353 _, C 0.+ ,'-G F "...83OE-05-_ 10.39C . . 9.357
1 '.521 9.469

;,57' 2,. 1^. C.467CE-C 5 .4,
7
0c-.

5  
1 .. . 9,581

c.10.7 9.705

0. C.'-5-,0, 5 G. U0SA-'5 1' . 922 9.570

C .[ "5 11,-r 3c t l. 2 0 .9,99

" ,5__ ___-*5 11.3 5 10.229

25S . C,c 3 E-5 2.735r-ol 11.52l 10.369

593 E- 5 11.691 10.522

e.684. C. . 5 * -C _ 99.-'5 11. 861 10.675
______ ___512.C'l 10.8 30

C.714- 2 .5 G. .. C.71A- E-C 0.71 5:-?5- 12.2C7 10.986
: ° p ,' . 5512, , ( 11.2C 5

'~. .-. 5,* 12.947 11.652

_. 799 275CC'. C. t-fl 183.'-1 13. 2C 1 li.881 -
, 5 13.477 12.1,e9

0 , 6 2C7 1 E. L8.7.2-C5 13272 ?.6_
7

7

1- 21E 12.794

I1i.o. 3 11.169

5,3 -C_~~2 Lj67 1 it l.
3

c~' 1 4 . ci 131,37 3_
-

- 15. 11 13.6(1
J.,c6r4 c9i 

+  % .C. I, E._ , 73. - . 1 V . 3 ( F 13.p3l

jr.6A7 4.111

1.14 ______ C.3~- -L 5170-4 __ 16. OL
7  14..4C7

6 3 2 . . . . . . . 2 I - T L- ... . 2 2 4 F - ' 4 .t . 1 5 , 
, 5

-, ++ .-:4 16. 911 15.22 3

_i ,I_. -1) +- 2t5 , 5' 2553 L- :.4 17. g -7 .... 5:.39 _

.f's?77 ". 1 3 ,9 15.078
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TABLE C-9. (CONTINUED)
..... ...... .... ........ *+++++*.. ... ++ ..... +A +.*UA .... . ... .. .. :P&MT

_BASIC _IATA __ A,ON CA L ULAIICNS -OA4AG.,PFAMETLk'
A N cI LE .'IMFLE 'HVEE PT. KMAX DELTA K

I -N. C Y CL 
F  

SL,,'7 A cLCPrP

1.11.5 17. 9 16.7

-7,--" .... . . . . . .. . .- 7 _7 . ,
14 91 . 1 7.15S

?, ' JE-L IL L1 7, 5

n.xq?] - I I08' 9.75

1 1 .' 3

31311. E* +30 23. '44 __

0 , ____ 1 E4 0010,9+

40•6_ 8 . . . 2 5 ^ t .. . .. . -11. 09?
0 5 45 -5 r . ____O ,97i 5 IC. ,2?

IL. 9.511

15 - J 1. 3rC 11.19? ,I1L.695? 9 .. 9

-. f-- _ 7 ' " . . ... ' t. !' " 5 Fw. 75 4. I I .bl 7
11 .733( 1 I7 .

6 59 2 C 25 A-, rI. 1 3
068 2____ __512 ___-_,__ _ J.Et Co-Cl 4 c 7. T-25 I I1 79 i.bi 5

6' q ~12.72..7
.1.751~~~ 3 i7 151'X .9.1'C .92

1
-9 C.51'C 1.

-Z5 12 7 '%.1.:4 2

5- C~ . P57Z 12. .9 12.26

C. iJ5 2r2. c--c5 I . 9 7-,!75 12.1 91

-.. 369 12.69
-Qtk3 __ __Zt r2 r: J?4 - ~ ' -' '.2'71.5

og C .82 1.3.A -i7 .. '- . ... 55 4 1--.2 1 : ....... . 1. 7
.1, . 7 - 6. I 6, 2 . 9

, - 1L. 48 13.5 34

C .- _ 0* - '1 ' . 1 94L. L L

S1'.?7 13.911
.1.974L, ?~ .r 2 -L 13.73o- 7

,91 J-'..?, 7':-C., ', 1 ,55:.' :1t. 57 1-.07 3

'1,. ... . Z + . . . . . ... . ... . , .. '..' '.1 -1-._ _ . ,1 +
"1. 997 ..3H?

1.126 3 32ri. ?17 13. I 2

9 7 4 L;' 1, 41'E-I . , 13:695 .
4 1_ 5, 'A 13.gq ?

L4 15. :,- 14.1 11

. 192 L .0. 2, . . . .. 10 . 17.171 15.+5
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TABLE C-10. FATIGUE-CRACK-PROPAGATION DATA FOR 2124-T851 AT R = 0.070

SPECIMEN NC.= AL-1-A YI L[. STktNGTm= 57.00 THICKNESS= 0.5f WI)LTH" 0000
SPECItN T F(=CC. tAXIVU4 STFLS! CR LCA[= 2.390 STRESS &ATIO £.070
+++**++4*+*.+ .. ++++ .......... + + f 4 ¢ ¢

BASIC DATA OA/Ot, CALCULATIObS OAMAGE PARAMLTER
A N SIIPLE SIMPLE THREE PT. KMAX CELIA K
IN. CYCLES SLOFE() SLCPE(PI DIV.OIFF.
***+4+ 44..4 ++++++ +4 4+4+++ +4 ++ ++4++ 4+++++++ .... +.......++++++ +++ ...... *+4....

0.453 2950Z1. .E+CQ _ E+C 2.892 2.689
.L+LL 2.892 2.689

0.453 2951000. 0.4021E-07 Z.4193-10 2.892 2.609
C.4025L-17 2.956 2.749

0.4.9i 3913Lfd. 0.5242E-07 '.5193E-C7 3.020 2.809
L.EIoL-i,7 3.123 2.905

0.55b 4910cJ. *E+LG *E+ 3.22b 3.000

0.437 iE5u0. .1+00 ..E+CO 2.837 2.639
.L+GC .. . .... . 831 .... . .63 -

0.437 29SL. 0.66E1E-07 0.694EL-10 2.837 2.639
C.0EBfi-07 2.9. 2.738

0.5c1 39132CC. o.6391-C7 G.E.2L-07 3.-5u 2.837
L.C12SL-7 3.148 2.928

0.562 '.1CJj. .E+&O .E+aC 3.2'-6 3.019

1.481 -901..E+GC .E400 2_.98 5 _ 2.776
.t+L0 2.985 2.776

0.481 2151CGJ. G.8E87L-&7 G.9c59E-lc 2.985 2.776
L.6697L-,7 3.119 2.900

0.5b4 39100'i. J.7473E-L7 U.7523E-C7 3.253 3.025
L.631cL-17 3.35b 3.116

0.627 4ci CC. +1C .E+O 3.44e 3.2C7

0..51 2950GCO. E +0 .E00 2.8b4 2.682

.'*LO 2 -.08-4 6 6 2-
0.451 2951UC0. 0.1937E-C7 G.2;2LE-16 2.884 2.E82

0.194CF-07 2.916 2.712
0.470 3910CC.. C.21tgE-E7 0.21EGL-7 2.947 2.741

2.986 2.777
0.493 t9*OCo. .c+00 ,E+0 3.026 2.81
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